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PREFACE 


The present .volume deals with some of the most important 
products of, th<i Chemical fidusfry. Tl\e elemeni Chlorine has 
, steadily increased, ,decade by ylecade, in ycommercial importance 
until the pnesent time. The world’s annual production of this 
,dejjie«t cannot be much less than 150,000 tons—enormous 
anurortts ‘being used in she manufacture of bleaching powder, 
l^pochlorites, chlorates, perchlorates, and certain complex carbon 
compouncfs frcym which synthetic dyes are derived. , 

The magnitude of the bleaching industry and, its close 
connection with the textile and dyeing trades are too well 
known to need further comment here. 

It is well, however, to refer to a change which is gradually 
coming ovpr this branch of industry. Whereas formerly 
practically all bleaclying was perforfliixl by means of chlor>ine 
absorbed in lime—the well-known bleaching powder—at the 
present time a considerable and growing quantity of bleaching 
liquids are pr(»duced on the place of use by electrolysing brine. 
Special attention has been devoted to this recent clerelopAient, 
as well as to the subject of electrolytic chlorine and alkali. The 
comparative neglect of electrolytic methods in Great Britain, and 
their highly developed condition in the United’ Statesiand in 
Germany (where no less than 66 j per cent, of the bleaching 
'-pojrder mtide is pRtduced from electrolytic chlorine), are matters 
of serious copsideraiiqn at the present, time; indeed, further 
tieglect may lead to the^, undermining of •’thd^ British, Alkali 
Industry. In the presenf book the most recent, available inforniy- 
tion is given•>6f electrolytic methods for manufacturing,chlorates 
an'd perchlorate?—substcflic^s especially valuaBlg on “account o£ 
theii; oxidising and explosive ,groperties. 
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, Bleaching pdwder has*been’d^alt jvith at coivsiderable length'. 
This* sjubsta’nce has ac(|uired especial imporfancb* on .account'*of 
its vafuable«disinfecting prpperties.* Indeed*;the large Kale 
employment of blfechhg ^wde»/in* jjiodern^war|pr9 has‘been 
largely res*p»nsible Tor the greafly lowered mortality* due to’ 
disease. 

The employment of chlorine gas in^warfare—first practised 
by the Germans in 1915—has turned the attention o^ tRe whola 
world to liquid dhtorine, and hence no apology is jieeded for the 
detailed account which* is given of the,methods efljployed for 
liquefying and storing’this substance. Indeed the employment* 
of poisonous gases by the Germans has brought Home at last 
to the general public that this is essentially a chemical^ war, 
that chemistry is destined to play a great part in the future iH 
deciding the rise and fall of nations. Our grave peglect •f 
chemical science in the past has undoubtedly c<^t the country 
many thoiBands of valuable lives and hundreds of millions of 
pounds. 

The final chapter, written by Mr G. W. Clough, gives a 
conftise account of some modern oxidising agents which hgve 
become important within recent years. The article deals with 
peroxides, persulphates, percarbonates, and similar substances; 
and it is hoped will afford valuable inTormation which otherwise 
would have td be obtained from scattered and often inaccessible 
periodical literature. 
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CHAPTER I 

The Manufacture of Chlorine by the Weldon 
and Deacon Processes 




•CHAPTKR !• 

tHE;-MANU’FACTURE OF CHLO- 
IFTNE-BY the* WELDON AND 
DEACON PROCESSr:S 

LII'ERATURE 

• 

full account uf the suhjcct, tncliicling literature, ^ee th Lcnck, “.Suiphiiiie .Acid and 
Alkj)* IMusWy.” 1915. , 

flEnFKRKY Martin and R. TtA.NCAsTER tuve a full .leenunl of ihe jtioperlies of t.’aseci . and 
lu)ui(l elilurine in \’iil. VIII. ol “.Mmlml In(irj;anit Chemi^tli." Rdlletl liy Keilton 
Frl»nd. 1014. 

•See also Ilin.*lN(:, ‘•I'nrtschritly; in der Fahrikatiiiii der Vnoit^aiiistlten Sauien, der AIk.ili»i, 
des Animoniaks utid Verwandter Indiii.lric/,weit;e.” lierlin, 1005. 

See alvi the rekiences iiiidei “Deacon rrocess.” p. 7; under Rlettrolfiic Chlorine and 
Alkali,” p. IJ : and under “ laipiid ('hlorinc,” p. 29. 

Until recently .nlniost till the cliloriiie produced was made from Jiydrochloric acid, 
either by the Weldon or hy the Deacon proce.ss, the hydroehlnrir .acid ft#' the 
purijiose being obtained by treating salt with .sulphuric acid (salt cake process). 
Within«the last few years, however, more than half the world’s supply of chlorine 
has been obtained by electrolysis of brine sol«tions, which hitter method yiij|ds, 
according to slight alteratfons in the conditions of electrolysis, chlorine, chlorates, 
bleaching solutions, also catistic i^ida and sodium carbonate. .A*i account of each 
of the.se methods will be given in due course. 

'I’he main use of chlorine is for the bleaching of paper and cStton. The oldest 
bleaching fluid pW on the market was “ Eau de Javel ’(I’aris, 1786), a .solution 
of potassium hypochlorite. Eater, this was displaced by the chAifier anc^ more 
convenient solid “bleaching powder” (Tennant, 17199, in (llasgow), which at the 
present time is manufactured on a*very large scale, and is sold under the trade 
names of “chloride of,.lime ” and of “ bleaching powder.” More racently, after a 
century-long monojioly, a serious rival to bleacljjng jiowailer has arisen in the 
electrolytically produced bleachinc fluids (“electrolytic bleaching”), ^hich are 
produced by electrolysis of brine mi the place of use, becau.se the liquids soon 
decompose on standing. • 

The main use of *hlorine is, therefore, the production of these bleaching 
materials. Howevt#, large quantities of chlorine art'now employed for chlorinating 
various organic pwducts in the intermediate images of synthetic dye production, the 
chlorine for the purpose being put on the market in a liquid! foftn in steel cylinders. 

The manufacture of chlorates <!f sodium ant^potassium has attained coiftiderable 
importance, these products being u^d for tbe production^of Cixplosives and fifr 
oxidising purposes# 

Statistics. —According to ICrnt||Scn M909) the .world's producii^i of blcaijling powder Ls 
estiinatea at 300,000 me#ic tons yearly, Gernumy producing in 1905' .soipe 85,000 ions, 50,000 of 
which were made from electrolytic clilorine. riurope at present pRiduaes some 9,000 tons of 
chloratts, ' “ 
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The following figures relating to Gerfnan chenSical industry are inteiesting as Rowing ttii great . 
varia'tions in prictf and'quantities of pie products, fiactiritions traceable to the rise of electrolytic 
bleachirig processes':— • •* ■ 

Bleaching Powderc 

' ' , . ,*905- r '909' 

^^oror 30,3°° 9° “>»t'ts. 26,100 ton* at 90 marks. 

' The German itiptirt of potassium cfllorate is given ICjj the following figures;— , 

iS05-t r • ■905- • r 1969' 

Excess <^im^r4 \ * g^o marks. 1,020 tcShs at 530 marks. 100 tons at 620 marks. 

over export. J ' ^ . r * . • . 

*• The manufacture of chlorates is most advantageously carrjiid out in countries provided with 
cheap water power, and the industry is rapidly developing on such sites. 

The Weldon Pcocess. —The process rests on the oxidatioi) of'liydrochloric 
acid by means of ti^nganese dioxide. The exact nature of the reaction is disputed,* 
but is usually represented by the equations— 

MnOa<+ 4UCI = MnCI, 4 .211, , 0 . 

Manganese Hydrochloric Manganese 
dioxide. aci<l. tetrachloride. 


MnCU = 

Manganese 

leifachloride. 


r MnCl. I- Clo. 

Manganese Oilurine 
dichluride. gas. 


The manganese dioxide (pyrolusite, black oxide of manganese), MnO.^, is largely 
mined in Spain and in the Caucasus mountains. It is impure, usually containing 
iron. Its value, technically, is judged by the amount of “available- oxygen" it 
ctftitains. 


Tlie availahle^Txygen is estimalecl as follnwh :— 

Manganese dioxide is disstilved in sulphuric acid in the presence of a known excess of fcrrou.s 
sulpha^i. The anumiU of ferrous iron oxidised to ihc ferric stale is then determined by volumetric 
titration in the ordinary Va). 

Another process is to heal llie manganese dioxide with hytlrochloric acid. Chlorine is evolved 
equivatent in value U> the “ available ’’ oxygen. This chloiinc is received in a solution of potassium 
iodide, an<l the itKlinc .set free is then estimated by titration with sodium thiosulphate. , For 
dejj^ils of these processes books on cliemical analysis should be consulted. ^ 

By a special process to be described the used manganese dioxide is recovered 
and used again, sn that in practice the only natural manganese dioxide required is 
that needed to cover the unavoidable working Itsses, which usually amount to 3 
per cent, on every,too parts of bleaching powdffr made. s 

The working details of the process are as follows (see Fig. i);— 

A is the chlqrine still. It consists of a still made out of some 6 or 8 granite or 
sandstone slabs fastened together. The still is usually 9 or 10 ft. high and about 
6 or 7 ft. in diameter. At the top is an earthenware inlet pipe, and at the bottom 
is a pipe for running off the manganese chloride liquors. A steam inlet pipe, 
encased in earthenwar'e or sandstone, passes nearly to the bottom of the still, and 
allows its contents to bfe heated oy live steam. 

The ofJculated Imount of hydrochloric acid - having been run into the still, the 
calculated amount of manganese dioxide in the form of recovered Weldon mud is 
allowed to gradually flow in, and chlorine gas is developed in a regular stream. 
When the action slackens thq^ contents of the still are hkated by live steam until 
theliqhid boils, when the reaction MnO.,+ 4HC1 = tonClj + Clj^ 2 HjO is completed. 
The hydrochloric acjd will be almost ‘completely used up if it is of the right strength, 
viz., i 8'-20° Be. * 

••If, instead of Weltfon mud (recovered ni^nganese dioxide), natural manganese dioxide is to be 
used, the pyrolusite, brok 4 ;n into coarse pieces, is placed ii. a different still from that used for 
Weldon mud, Jseingjilaced on sanclslone or earthenware grids, and steam is the," blown in. 


^ See discussion, Gedffrej^Martin and DancaswFs “The Hal<^ens.” ’• 

*.One cannot partially leplace the IICl by 114804*., otherwise the Weldon recovery process 
becomes impossi1>le. ^ 
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• big'works several stills are* in u)e at once, the chlorin* being fednnto a common 

^ducting pipe. In u/der to cot out a»y jive^ chlorine still the followinf detoce is resorted to 
&ch still 1 ^ an exit Uibe B^Fig. a), which communicates witlg the main chl8rin% tonducting pipe A 
by means of M time shaped as m the figure, the tubes being joined up chlorine-tight throjigh’a water 
se« at ce. WheiTit is decided to cut off the chWrine generatoiWconnccted with B, all that is 
necessary ig to pout wal^r down «^ as to £11 up the U tube with wattr. • , 

Wbpn communication between n anj A%is 'to be Jeopened? the water jn the U tubp<is run off 
by withdrawing the^stopper/• * • •• 

Some sfiali factories (such as bleaoiersV generate theft o#n chlorine in eart^eaware generator#, 
such as that illustrated in Fig. 3. M<»re usually, however, these Jmall iiscrs#lmy chlorine in the 
liquid state (at Jess thdh 6d. per pound) in steel cylindeis^see f# 29* • 



When the action is completed the acid manganese chloyde lic|uors are run from 
the still A (Fig. i) into the cemented tank b, whfeh is pitivitjpd with a mechanical 
stirring apparatus and a pump Here the liquid is neutralised Vith lime, 
Ca(OH)2, whereby iron hydroxide, Fe(OH)5f and other impurities are precipitated. 
The liquid is next raised by means of the pump c into the iron settling tank n. From 
here the clear mg^ganese chteride liquors are run into the oxidation towers e,k. 
These are tall jj-on cylinders, some 30-40 ft.,high and 6-7 ft. in diameter.* Steam 
is blown in so as to raise the temperature of the con(^ined manganese chloride 
liquors to 55° C, and then the Calculated amount of milk of lime is lun in from 
the tank f. 

The lime is sla£8d in the mixer c, thence the fluid ma.s.s is run into It and jumped up through 
the pump ] into the lime tank % ■ r r r „ 

Meanwhile corrFpressed air is blown into the towers %k, issuing from perforated 
pip« placed near the bottom of th«,towers. k is the«duplex blower, i. the air 
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reservoir, and mm air conducting pipe. The air is blown through the^varm. 
liquid for some fou> to five hours before the arcifiation'of the'manganese pres'ent 
to maffganese dfoxide is complete. • , '*••** * 

The chetpical nifciianism (/ the action is not completely understood even after years of research. 
It seem«liiat first of all the lime* Ca(OIIJ>, first p|icipitates manganoJb hydroxide,^n(Oii)o, 
thus:— • p • 

• ^ . MnCL + Cii(<Oir^, = Mn(OII).. + ftaCI, + H./j.*' 

The a w^iite substance, ^ill laRe up oxygen spontaneously from the air^until it reaches 

the grade of oxMalion Mn.. 0 .t; however, if excess of^lime or.NaOH is preser*t, the oxulalion will 
•proceed further than this, ^ind the manganese oxide will be oxidised almost completely to tfie MnOg 
state, forming a black body of com[>osiii(>n varying between CSO.MnO., and CaO.^iMnO.j, so that 
the regenerated “Weldon mud” coijuuns chenucally united liyie (CaO). It is reni'H'kahle that,^ 
apparently, a trace of solution appears tf> be necessary liefore the complete oxf^alion will take* 

place. ^ * f «• * * 

The action is carried out in such a manner that a “ mud” cimtaining as little CaO as possible is^ 
aimed at. The active comppnent in. the mud is, of course, the amount of present, each 

molecule of MnO.j jireseni corresponding to the evolution of 2 alff.us of Cl. ^ 

The progress <.f the oxidation is fdlowed by withdrawing s;implcs of liquor at frequent intfevals 
and titrating the blackening mini with fenous sul[»hale solution aneV j>otassium permanganate. 



Towards the end of the action tbc excess of lime is as fai as possible got rid by lunning in more 
manganese chloruU solution so long as a precipitate of Mn{(>ll)ois caused by tlic fiee lime still 
remainii^. • 


When the process of oxidation is known to be complete the Weldon mud is run 
out of the bas«» of thotowers k,k (by means of the stopcochr; n,n) into the settling 
lank 0. Thr mud seKjes to tUe bottom of this tank, whent:e it is run into the 
chlorine s^U a one* more, and so used aguiq The aqueous liquors, principally 
containing calcium chloride (see equation above), is drawn off from the tank o, 
and either run to waste or worked up’ln some other manner. 


No less than 70 jier cent, of tht total chlorine of the hydrochloric ay.d remains a.s a wa.ste 
product tn this calcium chloride, a lo;>s of chlorine which causes the Weldon process at the present 
time only to be worked in those districts wbeire hydrochloric acid does not command a good price, 
and where the calcium clikiridi can lie utilised. ^ 

c^o far as can beoascertained, the Vj’’eIdon process is not extending at the present 
time, the under^describ^d Deacon Process (where the waste oC chlorine is less), 
and also electjfolytic* methods of manufacturing chlorii;>e, steadily gaining ground 
at its expense* (see p. '9-). The clil 5 fine evolved 'irom the ^eldon Pr&CeSS, 
however, iS’very coiiientrated, sometimes ^amounting to 90 per cent, by volume 
of the evolvedigas. 
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jHE DEACON PROr-F'^S 

LITEKAXyRE 

See ref^ences on p. ^ ; aiso - , 

• Haber.—“T hermodynamik techmscller HasreAtion.” *1905. 

Falcki!!<.STEIN. — 2 «y. physikal. Chem., 1907, 59, 313 ; •909^5, j,. 

, • • • • , * , 

The oxygfen of the air (*in be used to oxidis^ hyrjfocjlqjic acid to chlorine and 
water. Wheti a jnixture of hydrochlaric acid and air is led over a^hejited Shitable 
“ contact substance the following change takts place; — * 

4nci + (X. = 2Cl 4 2n..o. 

• - ’ * * 

This is the process of Deacon and Hurter. The decoinpositio^i, however, is by no 
^eans a quantitative one, and the unchanged hydrochlorit aci^ is recovered and 
used again. , "fhe icontact substance employed is usually cupric chloride, CuCl.2, 
heat^ to 450° C. *Cupric sulphate, CuSO,. has been used, but is not so efficient 
as ^Cl.,. 

• 

oThc action is essentially “ calalytii'," Imt it is usually suppuseil ihal Ihe lluC^U i.s first converleil 
in]o an*oxychloride, which is then, hy means oi lilt ill'l. roconvcrled into CuCE Eor example, 
Henj|stin gi^es the equations ; - 

* I. CuCE 2 (CuCE + CusC;!..,) + 4CI. 

2. 2(CuCl.j 4 CuX'l.j) 3Ciis('l,_, 4- 2CI. 

3. Ctu(:E"4- O S-' CuM.CE. 

4. CuO.tiuCE i 2ll('! — 2liut,'1.2 4 IIJ). 

l.unge and Marmier come to somewhat similar conclusions, which are, however, denied hy 
Levi and Iteltoni, wlio cannot find m the CuCE used any ('ii.X.’l.j or CuO.CuC’b. floreovei, pumice- 
stone impregnated with CuoCE or CuO.CuCE gave hetween 25o''.40o' no trace if Cil. Also, CU.SO4, 
chlorides of Ni, Mn, Mg, etc., also strongly heated pumice-stone alone, gave Cl when a ftiixturc 
of IICI ga.s and air was led over them. On this ground these .authors reject the “oxychloride’’ 
theory of the previous writers, and assert that Ihe Cl dues not come from the CuCl.2 at all, as this 
lattjr can be replaced by the SO4 or substances which do not contain Cl at all, and put forwnird the 
suggestmn that the catalytic action ol these substances is to be referred to the tendency of the 
sub-stanccs to form oxychlorides. Levi and Vogbera also carried out experiments on the us» of 
cat.ilysers such as CaCEj, MgCi^, HaCE, NiCE, CuSOj, CutJ, etc. 

Ditz and Margosches (l).R. Patent, 150,22(1, 15th June 1902) liave proposed to use as a contact 
substance the chlorides of the rate earths'(Tli, Co, La, Pr, Nd, elc.), which'occur as a by-product 
in the manufacture of ihoria for gas mrfnt^es. Tlie reaction tem|ier.iture is yoo’-hoo'’. With diluted 
(Jhscs it is stated that the reaction* takes 'place even better than with conc||ttratcd 40-50 per cent, 
gases. 

The reaction is reversible, following the ordtnary law of mass avtion :— 

2HCI 4 - O *-7 HsO (steam) -t- CE ± 14,700 calories. 

At low temperatu-'es the reaction teiicis to proceed almost cqjnpletely in the 
direction from left to right, with the evolution ,')f heat, ^but so slowly as to be 
practically unworkable. As, how^tver, the temperature Tnertases, apujrently the 
attraction of hydrogen for chlorine increases, and the reaction tends to proceed more 
rapidly in the reverse direction from right to left, so that as the temperature increases 
the yield of Cl from HCl decreases. Consequently the lower the temperature the 
greater is the quantity of fiCI theoretically converted into Cl.^; but„at low 
temperatures tlte reaction proceeds extrenjely slowly, so that it is unpractical 
* to carry it out below 4oo°-43o° C. At a temperature siyih as 450° C. equilibrium 
is more rapidly attained, but th*e yield of ijhlorine is seriously diminished, and 
at temperatures much above,450° .notable aimounts of coppRr chloride are'lost 
by volatilisation.' • 

The most favourable practical,conditionj have been worked'out by Lunge and ^ 
Martnier {Zeit. angew. Chem* 1897, 105), who found th 4 t the cotitact substance 
shopld be kept between 4So'-46o“,C. Aove 460" C. serioSs Kisses of copper chloride 
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occ 6 r, while bfelow 440 ° C. the yield of yilorifte was bad dn accouitt of the slowness 
with which et^uilibrfcim was attained. <, , > •' * . ’ ‘ " 

Awe^ards th^theory of the pro#ess the reader should see Halier,^* ThefinOtiynagiflt technisclier 
Gasreakti6i>,” 1905, p. 89. 4 , 'oount investigation on the equilibriun^of the Oeacon process.has 
been published by^ogel voniFalckenstein, Zeil. physikal. Chem% 1907, 597313; 1509, 05,371-379. 

As jp afi chemical actions wh^e he.nt is evolved,pncrease of temperature increase^tne velocity 
of the reaction up to i poiM; antVbeyoiul Chat point thlr velocity of the reverse reaction fhcreases 
,vety rapidly. . t ' « * « c, ' 

It follows, tlierefore, that m in all chemical reactioits attended with the evolution of neat (see the 
“ Contact Process lor SO3 Jlaf.ufa9^*ure,’f Martin’s “Industrial Chemistry,”«Vol. 11 .), the lower the 
UmperB,ture mftre completely does the reaction take place in the direction ^ICl-f 0->’Cl2+Hg0, 
and cor&equently the moje completely the hydrochloric acid is turned into chlorine. UhfcJrlunately» 
••however, at low temperatures the reaction*proceed.s so slowly as to make it practically unworkable. 

It is only at 40o‘’-43o" that the action proceeds with CiiClg witli sufficient velocity to m^e the process 
technically workable. A.s the tempeCaiure inrreases up to 450“,*so also does the njjieiSty with which 
equilibrium is attained,^llhough the yield of chlorine per given amount of hydrochloric acid becomes 
increasingly worse on accouht of the increasing rupidily of the back abtion, H20 + Cl2->2HCl + 04. 
According to Haber/iheorelically at 430° C., some 75*85 per cent, of HCbii convertible into Clf 
whereas at 577'’ C. <.»nly 50 per cent, is convertible. Possibly^sonie advance maj come with the 
discovery of a more efficient catalytic agent than C'uCL. which works at a lower temperature than 
450* C. According to von Falokenstein, the be‘>f yield in the Dei^on process is obiaindB by 
using a mixture of 40 per cent. IICl and 60 per cent. air. Alxml 70-71 per cent, of the HCl gas 
entering the apparatus can be c<»nverled into C l. On drying the cooled gaseous mixture' by 
passing through concentrated sulphuric acid, and again pas.sing it through the apparatus, a 
of 82 85 per cent, of chlorine can be obtained, while on passing once more through the api^tus, 
87*89 per cent, jields are attainable. As regards the influence of prcsiture on the equilibrium, it it* 
a general law that an increase of pressure lends to cause a reaction to proceed in such a direction 
as to favour the production of products occupying a small volume, as the equation shows :— , 

4HCI + ()., = 2lf,,0 (.steam) + 2CI2. 

4 4 \ols. -f I \ol. '4 VflK + * vols. 

An increase nf [ircsurc .should Ihercforc favour the transformation of HCl into chlorine by the 
Deacon pioce.ss,^an(l Ftnicar (priiate communication) has suggested that a modified Deacon 
process carried out t nder pres.surc, and at such a tcmpcratuic as would just prevent the condensation 
of the'atcam, windd have a future befoie it. 

Fig. 4 shows one of the older forms of the Deacon plant, a is the salt-cake 
furnabe from which the HCl gas is evolved from the action of sulphuric "cid 
on salt. B is a (tipe leading off the HCl gases, c is a condenser in. which 
sulphuric acid, aqueous hydrochloric acid, etc., are condensed. E is the preheater, 
whe.e the entering gases are raised to the right tempftature, say 220° C., before 
entering the contuct a[)])aratus k.. This consists of a cylindrical iron tower f, 
surrounded by a brickwork wall m, whereby tlie.wliole can be heated to the proper 
temperature (about 43o°-45o° C.). In the central portions of the tower are piled 
layer over layer of baked clay or porous earthenware balls, prt viously soaked in 
cupric chloride solution and dried. As the CuCC is somewhat volatile, the entering 
gas is first sent through the system fiom below upwards, after which the direction 
is changed from above downwards, and so on in alternately reversed directions. 
By this arrangement loss of copper chloride is minimised. , 

The German patent, I97S955 (1906^ pioposes to use the double .salt, CuCl2.NaCl, which at 550* 
is not noticealily volatile with this salt the gas stream can he heated to 510" C., without much ■ 
loss of copper, whereas in the ordinary CuCl., over 460“, a con.siderablc loss of copper occurs. 

By means of this system about 65 per cent, of the HCl is, in actual practice, 
decomposed into Cl. The is.sjiing stream of chloj-^ne-ricfi gases escapes through 
the piihe h into a seiies of cooling tubes j, whence they pass' into the tower k, 
where they meet with a descending spray of water, which washes out the HCl gas,, 
but only absorbs a small amount of chlorine. (I'he aqueous HCl thus obtained 
is freed frbm chlorine by blowing thrsugh it a stream of air. 

■''ifrom the water* totyer the chlorfiie gas rlext passes' into the drying tower L, 
ythere it is dried by a descending stream of concentrated sulpBudc acid, the dry 
, chlorine eme?ging"at ^ ' • e. c b „ 

In its original form l^acon process suffered from some grave defects which rendered it 
unable at first to^compete with the Weldon process^* Th!* HCl was at first led directly from the 
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ajlt-ciiefurnaces iifto the coiftact apparatus* and^’t was found that th< latter ceased to work 
eHectwely because the unpurified HCl ga» cwried on sulphuric acid fumes, ferric chloride, arsenic, 
aiid.dust, wh|(h spoilt the con»ct substance.* Hasenclever, of alie Rhenania S'actcfy, was the first 
to make the prqaess fcaU^ successful. This he achieved by purify ing the HCl gas by first jbs 9 rbing 
it inwater, and. their liberatjd it arain in a comparatively pure staW by running in concentrated 
66° Be. (toy TwJ sulphiftic acid, aid finally blowing air througl the ficjuid. Tie HCI^ame over 
pure ih a steady stream, and was led directly iifto ihj contact«apj)waius. This proces&«^8 still 
worked on a veit large scale. • * 

At Mannheim, in* 1909, % further simplification was •intwduced in the pryes^by obtaining* 
directly in merh»ttical salt-cake furua,es (sA Martin’s “ IndustrialJChemistry.i’ Vol. II.) nearly 
pure HCl gas, free froirf arsenic,‘and'of a fairly constant •ittcn()ih, “onftsting, 'av, of 30 pM cent. 
HCl and 70 _per cent, air. This gas,is puriflbd by leading il through a series of iiellariys con¬ 
densers (Chapter VI.), whereby dustyind sulphuric aci (7 are deposited. Uistly, the gas is heated 
to about 220° C.',»and is led directly into the contact aiiparatus. ' 

• The chlSfSfle evolved in ftie Deacon prticess i? very dilute as compared to 
Weldon and electtolytic* chlorine. It u.sually amount.s to pnlyfS-ia (ler cent, by 
wlume, the rest bejng atmospheric nitrogen and other gases. Cfmsequently, it is 
difficult to use an osdinary “ghamher” for making Bleaching powder. The lime 



miyst be treated in a specialaapparatus invented by Hasenclev^ir, which will be 
described under bleaching powder (p. 46). 


The Deacon process is still able to maintain its position and even advance in spite of the growth 
of electrtilylic chlorine. In the Weldon process <>nly about one-third of the chlotific in the HCl 
is utilised, while in the Deacf»n process over 40 per cent, of the IICl is transformed into Cl, the rest 
being recovered as HCl, ami, moreover, the oxidation agent, viz., atmospheric oxygen, docs not cost 
anything. The disadvantagif 5 of the Deacon process are tlie trouble iti getting tlte plant to w'ork, 
the fretiuent loss of efficiency by the contact materials becoming useU‘ss,*and the loss of copper by 
volatilising or otherwise. ' • 

• ^ 

Preparation of Chlorine and Hydrochloric Acid from Mag^nesium and Calcium 
Chlorides.—Enormous amounts of magnesimn chloride, estimated at 500,000 tons, are run to 
waste at Stassfiirt (sec Martjp’s “Industrial Chemistry,” Vol. II., “The Stassfurt Industry”), 
simply because no ecoi^mic means tire known of transformiag these mother liquors into chlorine 
products. ** 

Many attempts PTave been ma‘le to obtain chlorifie and hydrochloric acid from magnesium 
Chloride, M^Clg. When the latter is ^stallised from its solution«it deposits as a snow-white 
mass containing water of crystallisation (MgCl2.2H20). • 

When this crystallised magne.sium chloride is meh '^1 it dpcomposes, foiming oxychloride 
evolving half its chlorine as HCl, lhus«— * 

2MCCI2 + IIoO = MgO.MgClg + 2HCI. 

If now the magnesium oi^chloriae rAiain^g behind*!! heated in a steeam of sle«m nearly all the 
chlorine is evolved as HO, leaving ms^csia, MgO, behind, thus ;— ^ 

MgO.MgClf + 2MgO + 2 HCl. 
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Thfs is a mcthfxl of obtaining IICl from M&CIjj ^^ich has actu^ly been jfcl into pr^tice, but 
without much success.# • ^ # • ■ * * 

• In order i<» obtrfn chlorine from ms^rnesiurit chibride or oxy^loride the substance mu^ be 
ignit^ in a stream of air when il evolves chlorine, but only incompletely ; <t d(^s*not meC but 
remains porous. This, essc^i^tially, was the Weldon and I’cchiney jjrocessf worked for a 4ime, 
but unsuccessfully, at Saliixlres in S. France, the magnesnlbi chloridt, being obtained by con- 
centr4in^the mother lujuors l^t after orystallisin| ()ul the salt, NaCl, the manuficture of salt 
being here a consiTleraWf iiniuslry. Similar procfesses were worked at WeustasSfurt and 
Leopoldshall«iu ^ermany, two magufatturers of pljtassiufii salts seeking to*utilise the magnesium 
chloride waste n(jyors in this*nanner, but again witli^no success at Neustassfurt., In Leopoldshall* 
the inanufacture of chloride ty t^is process was given up irf 19^^, after lieing worked-since 1890, 
but hydrochloricliciil is still obtained at the latter jikce by the following mc^od 

PoVdered magnesi^, MgO, is mixc(k witli the concentrated MgCl« mother liquors, when 
combination ensues, with the formation of solid plates cj magnesium oxychltiride, containing, 
roughly, 10 per cent. MgO, 40 per cent. MgCU, and 50 per cent. H^O. These plates are then 
slacked up side by side and one <kver the#olber in the shifft t>f a furnaic, cajilr t)eing taken 
suitably su|>port the plates. Irom beneath, the hot gases from th« furnace stream througli the 
mass and heat them lo a*red lieal. 'fhe plates, shrinking and subsiding#low'nwards, as they do 
in the hotter parts bf the furnace, yield up most of their chlorine in the^fornf of dilute HQ 
which is then condensed and ubsorOed in the usual way hy parsing the fernacc ghses up absorbing 
towers, where they meet with a stjeam of descending water. 

'I'he firing of these furnaces is ‘‘ brown coal,” \^ncli gives (tff muc<^ water, and so aids th^actior 
of the heal in causing the complete decomposition of the oxycldoride. The refuliing IICI s<dutioi 
is very dilute, only 15'’ lie., but has the great ad%antage of lieing practically arsenic free. • 

There finally remains a calcined mass cmtaining 15 per cent. MgCL and 85 per cent. MfiO 
which IS tlien ground up and utilised, partly for mixing with the iHjuois fgr rcjieaung tht 

process, and partly for the pnxluction of magnesium oxychloride cements (sorel cement, x^olitk) 
which IS now being useil in increasing (|uantities f<ir floorings, artificial marble, etc. (see p. 8s). 

There seems, lunvever, but little prospect of an increased jiroduction of IfCl from this or aiye< 
metliods, as tlie case and abun<l.ince with which HCl is produced by tlie extensioli of the salt-cak< 
furnace methods puts the former out of court unless the running costs can lieronsidcrably reduced. 

As rcganls the production of MCI and Cl from calcium chloride, this is one of the grea 
prolilcms of the (lay. Ity iIk" ammonia soda process enormous amounts of w.astc calcium chlorid( 
liquors are prc^Juced, .and also by the Weldon recovery process, and the manufacture of K.CIO3 
Enormous numliogs of proposals, almost always devoid of practical success, have been made t( 
manufacture Cl clica|)ly from f'uCI.^, or to utilise this chlorine cflcctively; Solvay in 1877 
188S, and 1SS9 toiak out a numlier of jxtteiits which consisted in healing CaClo vsith sand, clay 
etc., under various con«litions in a stream of air (see “Chcmisclic Industrie,” I, 49 (i'878), an( 
Huner, founi. Soc. Cheni. ///</., 2, 103(1883)}. An accounl of the v.irious proposals is giyen it 
Lunge's book, “Sulphuric Acid and Alkali,” Vol. III. 
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Within the last tv,o decades a large industry has arisen out of the electrolysis ^ 
'’of the alkali chlorides, whereby not only chlorine, but also valuable bleaching* 
solutions, chlorates, and caustic alkalies are obtained. At the pre^pnt time it 
is stated that over half the world’s supply of chlorine and chlorine ijroducts ari.ses 
out of the electrolysis ot the alkali chlorides. A large number of different processes 
have been proposed, but we will only menti(.>n those which have been attended 
with sgme success. » 

General’ Principles.—When an elecluc- current is passed ihinugh a .salt snlutn.n the positively 
charged metallic ion.s pass to the negative electrode (calhpde), whereas the negatively charged’ 
chlorine ions pass to the positiic electrode (anode) thus :— , 

I - > 

NaCI = N.. t- (’ 1 . 

^ • (to - polfj CtiH P 'ltt) 

• ) 

Arriving at the electrodes, these charged ions give up tlu-ir electiical cliarges, and the sodium ions 
become ordinary sixlium, which at once reacts with tlie e\cts' of water present, to yield II gas, 
and produce caustic alkali, thus :—■ * 

2Na + Il.jO -- aNaOH -I Ih, ‘ ’ 

so that at the cathode caustic .soda accumulates and free hydrogen is given off. On the other hand, 
the chlorine ions, after giving*up their negative charges at the -i pole, a.v lilieraljd as chlorine 
gas at the anode (t-pole), and also remain dissolved in the liiiuid surrounding the anode. In very 
dilute solutions, and with too high electrical potentials, the waier suffers e/ectro|ysis, oxygen coming 
off at the positive pole, and hydrogen at the iligalive. ‘ 

The conduction of the current across such an electrolytic solution deiiends upon it., transportation 
by the charges on the ions. Thus every eipiivaleiit ion, c.’i;., i g. of liydrogen, 35.5 g. of chlorine, 

24 g. of sodium, etc., carries wi.ili it the same quantity of electricity, viz., 96,540 coulomlis—cither 
positive or negative elect'jcity, accoriffig In the + or - character of the ion (Faraday’s law). 

It is therefore an easy giafter to calculate the amount of chemical products theoretically produbible 
bathe passage of a certain quantity of eleclricity Ihrougll a licjuid. E.g., to produce, say, 35.5 g. 
ofchlorine, or 40 g. of NaOH (from 23 g. i\f liheralcd Na) we Iheoreticndy only require the passage 
of ^,540 coulombs.' Theoretically, a current of one ampere liberates in one hour 1.3^6 g. of 
chlorine. In practice, however, side or secondary rcaclionk diminish the yield pf these products, j. 
To liberate any ion % definite electrical tension is rei|mrcd, measured in volts. And to drive a 
'current continually thftiugh any electrolyte there is llius required a definite vol.tage depending upon 

_ _ __j_'_ij-.---1-afl--- 

' •-^ i» a 

1 A coulomb is the quantity of electricity represented by one ampere jlovaing for one second past 
any section of a circuit. 
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the nature of the ions liberated, lihese aretthe so-called ** polari^tion ” voltages, wbith must-be 
overcome before thi* ton gives up its electrical cbarg%ai*l is lilwtat^. ' • 

The total lF)ount of eleetricalKncrgy required for electrolysis is%neasu|ied by th<^ product Af the 
current.in amperes, and the voltage at which it is forced through ‘the liquid*^the^unit being called 
a volt-ampere, i volt-aroOTre= l watt/sec*>nd=o,24 gramm^calorie# . • * • 

F4)r ftectrolysis, Ohm’s lawr takes the formi—lJ^^" E l)eing me volta*ge of the source of 

electricity, %nd e the polarisation vol^ge which must overcome ^)cfoi^ the current will flow 
through the 4/ettrolyte at 4U. It^s always possilflf to calculate approximately^ from the heats of 
combination of ^:ompon<^t |..alt!j^ the ^reactions which take pl^ce. Th^us, confining ourselves to 
the (iiectrolysis ef NaCl solution, we have the equ;jjions :— 

' , NaCl -I l ♦..0 = NaOH +'H + Cl 


NaCl = Na \ Cl - ^,400 calories 
Na -v II^O = NaOII -I- II I 4^,400 calories^ 

Difi'erence •- 53,000 calories. ^ 

Hence, in order to*decora[>osc i g. mol. of NaCl (58.5 g.) and liberate 4Cf g.^N^OH, 1 g. H ^nd 
35.5 g. Cl, we reejuire the expenditure ol energy repie'>enled by 53,000 calories, which is equivalent ^ 
to 53,000/0.24 = 220,800 volt-ami>ercs. Now 96,540 coulombff= 96,540 jfmpcre-seconds are required ^ 
to liberate the gram equivalent these (juanlitic%. and so the mtnifpum voltage (assuming that all*'^ 
the heat is represented by electrical energy) nece.ssary for decomposing the solution 15 22©,800/96,540 
= 2.3 volts. 

As a matter of fact, liowever, in practice a much gieater amount of energy than thi*< is usually 
required. Thus a considerable voltage is required to drive the electric current against the hfgh 
resistance of the electrolyte, and this caiise.s the generatioi of much heat, which is‘derivbd f^om the 
el,ectric current. 

Consequently, in order to pass a current of any intensity across the lujuid, we must work with 
a voltage considerably greater than this minimal voltage of 2.3 volts. As I,he frictional ♦heat, 
represents a waste of electrical energy, in practice the resistance of the electrolytic cells is diminished 
«to the greatest possible extent by making the electrode surfaces as large as'possible, and the layer 
of electrolyte between them as short as possible. .Moreover, the voltages are kept as low as *' 
possible, the conditions for economic production being low vifltagcs and currents of great strength. 

In order to render the salt solutions good conductors (and so save waste of electrical energy in 
fricl^onal heat effects) they are made as concentrated ]K)Ssibk‘, and usually are hot. 

As regards the source of power for generating electricity, this is usually and most cheaply 
provided for by water power, and so the Niagara Fulls m America, Norway, and other countries 
riclf in water power are the main seals of this new industry. 

However, where water p{)wer fails (as m (iermany) the power is often provided fro#-j coal, 
^rown Coal, peal, the producer gases evolved in some fmnaces, and coke ovens, etc. 

The currents are usually generate^ by water turl)ines driving dynamos, and the current is 
delivered lf> the salt solutions at a dcfmile voltage and a ilefmiie current density, such as experience 
shows is best for<he particular cell employed. These cells are small, and the current is often 
divided among hundreds, and sometimes thousands, of sodividual cells (as these latter cannot be 
greatly enlarged to meet increased power, as is the case m mo-'l other industrial plants). 


ELF.CTR.OLYSIS OF ALKALI CllI.ORlDES FOR PREPARING 
CHLORINE AND ALKALI 


Four iriain processes are worked, namely:—( t) Vhe diaphragm process, 
(2) the mercury pro'a-ss, (3) .he Bell proce.ss, (4) the fused electrolyte process. 
We will “describe each in detail. ‘ 


(i) The Diaphragm Process. —The earliest and most successful cell of this 
type is the Griesheim, which has been worked {Chemisc/ie Pabrik Griesheim-Elektron) 
sincf^ 1890. Large works etrtploying this cell also'exist at Bitterfield, Basel, and the 
Badische Anilin- und Soda-fabrik also use this process. The ceil (Figs. 5 and 6) 
consists of an iron bof mm, which is made to .serve as the cathode. Inside this 
are plated six small porous cells d,d, serving as diaphragms in which dip the 
‘inodes k,k,k, all'connected in sepes, the \^hole being filled with saturated NaCl 
solution. • 

The walls pf the smay porous cells s/isA (diaphrag,as) a re a' composition of cement, NaCl and 
HCl (Brener, German patent, 30,222, 1884). {n the course of n.se the,NaCl dissolves lind leaves 
.an extremely fine-pojed Wall, which .separates the anodic from the cathodic space, and which 
allows the cit^rent to p&sl through. This cow(t 6 sitiSh has proved very resistant against alkali 



TH£,%DIA^I^RAGM process 


.IS 

artfi chloric. anodes Kk, dipping into each poi»us cell, *re now made of magnetic iron oxide 
(F^04) fused in the electric fu^ac^ at 2,6oc^3iO^"^ f'-j and poured into Such electrodes 

have«.prot^ Sjjfperior^to* the cSrIwn poles previously employe®, which are attaoketi by nascent 
oxygen. • , . ^ \ ^ 

Separating ^ch SB^lfporotfs cell iron jilatos <!'/', goirf^ right across tjje main 
iron boj^i mm, and dipping nearly, but not'quilu^ to the botttijp. •These iron.jliates 
form /together withnihe^i^pn walls W tht^main box,M.\j) tTie cathodes. , 

The porous cells surrounding thft anodes arc cover'd with JiSs, chlorine 




Uquop 


longitudinal Section. 

• Kir;. 


t.’rosr. Section. 


5. —Ttic (.iricdieim Cell. 


escaping through a tube leading from the interior [torous cells as shiwn at L, the 
anodes passing right through the lid. The chlorine is led away through an earthen¬ 
ware pipe to the chlorine chamber. ’ 

Also each cell is provided with, a tube-shaped grid of earthenware for filling m 
salt, thus keeping the solution saturated. The hath mm is also provided with 
a lid thiough which the evolved hydrogen escapes. This gas is either led into 



a gasometer or it is^led away^to the pumps, and. compressed in strong steel 
cylinders under 15,0 atmo.spheres pressure, and stored in this form. 

* The following are the changes which iwcur in the cell when the oyrrent is juissed ihrough the 
saturated NaCl solution in the bath. The ion passes through the diaphragms d^d into qie anodic 
space and there csca^ies as Cl gas, while the Na ion pisses from inside th^ diaphragm and di^^ 
charges itself on the cathodic space o>itside,*being concerted into NaO"^! an<l H, which escapes 
as above described. ^As the action proceeds the solution becomes weaker and Weaker in NaCl, 
so that saturated NaCl solution i»,run in ttyough the^f^ipe z, and the solid salt ajjdfed from time 
to time al»> maintains the^upply of s»t to the liquid. Consequently iCi the cathetflic space there 
gradually collects NaOH liquors mixed with a dilute NaCl solution, agd this is run out from time 
to time<by means of a tap m, the deficienc}»beii^ replaced by fresh NaSl solution entering throygh 
z, so that there is a contiinuous flow of electrolyte through the system, yhe action,^however, does 
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to completfon. As swi^as NaOk is formed it begins'to itself taiie part in carrying the 


2NaOH = 2Na + 2(OH/. 


, Na ion at the ^thode *thcii gives up its 
charge, and reacts with the surroun4ing water 
to prodjice NaOH again and H(2Na+2lLO= 
2NJOH + II2), _whfic at the cathode we get 
the OH' ions similarly changing into water and 
oxygen (aiOH^'^H., 0 + 0'), .so that the net 
results are that hydrogtti is given off at the 
cathode ai>d oxygen at the anode, and a consider* 
able amomit of the current is'uscd up uselessly 
simply in liecomposing water. To prevent thi« 
waste, therrt.ire, in nracticc the-pfocess of electro¬ 
lysis is .stopped as-soon as.ibout one-third of the 
NaCI has lieen changed into NaOII, and the 
NaOH hVjnors formed. - containing aliout 75 g, 
NaOll, amir 160-200 g. NaCl per litre, arc run 
off into vacuum cva^iorators and concentrated. 



Kio. 7.—The Hargreaves-Hird Cell. 


With the object of diminishing as 
much as possible the internal resistance 
of the cell, the polar surfaces are made 
as large as possible, and brought as clo'fee 


nv .socs.UsU . .U 1 , , . . . ana orougnt as clo^e 

as possible together, while the salt solution is maintained at 8o°-()o° by means of 
a steam jacket. ‘ 

“I'lhns'* i" pr-iciice hy usingSu voltage of 4 volts to 
the vo;i:r.~,ru; I"-- 'Ti-e metre. Since 


.).S'5 S' ^^ 4*^ S- NaOH4 i g. II, by the passage 


Hyptrogpn 


Brine 
otncf Cl 


■Hyrfpo 0 ert 


-- VM.. iin-CUllt'IK IK'Il 

the equivalent anidunt of pifxluct.s hberaled are 
of 96,^40 coiflomhs {/.r., anipere-seconds} 
through ihc hijuid, with 4 voll^ diiving thiw 
curriftil the energy expended per second would 
he 4^96,540 volt-amperes-525 II.P. In 
oth^*' words, 521; II.p. wtiikiiig for t second 
would yield 35.5 g. of f'l. 01 1 U.P. work¬ 
ing fi.>r twenty f<iui hoius would give 5.85 kg. 
df Cl=:i6 kg. of bleaching powder-=:6.6 kg! 

N^OH^o.jy kg. 11 (^2 cub. m.). ‘ ^ 

It should be i^ointed out (hat when the 
rhlonne formed comes into contact with the 
NaOlJ produced we get, in the cold, mhuc 
sodium hypochlorite pniduceil; in the hot 
solution, howevei, siMlium chlorate is pr<)- 
duced. So that the NaOli produced some- 
rimes contains .sihall amounts of hypochlorite 
and cWoratc. *Thf hypochlorite and chlorate 
in the liquors tend lo attack the carbon 
anodes. prodi>^ing CO., winch is absorl>cd by 
NaOH formin.-caibonatK So that W'hcrever 
carbon electroiles are userl, small amounts ot 
carbonates are usually fouffd in llie "resulting 
NaOH. ^ 

The Hargreaves-Bird Cell - is 

used directly for the electrolytic pro¬ 
duction of sodium carbonafc. 'ITie 
construction of this cell i.s best under¬ 
stood by reference to fig. 7. a, a are 
carbon anodes dijiping into a saturated 
solution of NaCl contained in 'the 

anodic cells jui, u'n. The walls of these* cells are made an of norous dia 
phragms, consisting of cement or soi^ ^mil.ar piatenal, to wWch is^affixed^on 



^Oil and 
"Hydrogen 


•The Townsend Cell. 
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tbe putside a network of . iron ga^ze,,wTiich fofnis the cathode. The NaCl 
solgtior^^J'i'*'* into .the tfnodic space through a tube near the t«fi, and pours 
through the diaphragm surtounding the anode, out thro^h the wire gauze* into 
the* exterior‘empty ^a*e cnf finally escapitfg through the tube i)'; as the salt 
solution pairs‘through the cell, subjdtled to tfe |)ower/ul electrolytic actiAi by the 
current passing from a to b', and (jpn.sequently the .salt solution emerges through the 
diagram into the extel-ibr empty spa^f nn, it is *la(^cly c^compos^.’mto NaOH. 
In UD, however, it jneets with.a stream of stetpii ^id •CQ., whidh immediately 
combines with’th& NaOH to form hte.TXX,, which ])ours rjff threugji !>'. 'The 
exterior spa'ce on thus remains tynjity. 'fhe NT^CX), liquor is gradually evaporated 
and the crystallising Na,^C03 sei*irated hy centrifugals. 

• According l*) Kershaw, the maift cell's are lo ft. long by 5 ft. J4 in. deep, and aie united in 
batteries of fourteen.^ The brine pumjKcl dircdly from the salt spring.yinlo the battery, and 
a current of 2,000 ampjres, un^cr a tension of 4 41 \o!ts, is }>assed throf^li tbe liquid. KvJry cell 
d#composes 100 saj^t in twenty-ft>ur hours, (.'uireul cllu'iency, i)0 per a.*nt. 'I'lie escaping 
NflgCOs liquors •oniain uo g. Na.Q >: per lilie. .Vbi»ut 66 per cent. ol tlie NaCl is decomposed 
into NaOH. ^ 

This process is worked l)j*the Electrolytic Alkali Compan} in Middles ich, but the success in 
England does not fippear lo be \eiy marked, allbough the plant appear'' lo be more successful 
abroad, where electrical power is cheaper. 

■ • • 

The.Townsend Cell (big. 8) consists of an interior diaphragm of porous 
nwiteifel, /.Z.7 asbestos mixed wiilT iron oxide and hydroxide, firmly fixed into a 
non-conducting cement foot u. .Surrounding and in ( lose c(jntact with the poious 
,diaphragm is the cathode, made of iro/i gmize. Into the interior of the 

diaphragm projects the hollow anode (of .Acheson graphite) uddh, which nearly 
fills the entire central .spaec. Through the middle of thus anode i.s a tube ee* 
down which a strong NaCl solution i.s pumped. 'I his NaCl, as it passes 
between the wire gauze cathode on aa and the anode im, is subjected to the 
powerful electrolytic action of the strong current flowing between them. .The 
NaOH formed streams through the diaphragm aa into the exterior space KK, 
which is filled with oil, which serves as ihe inactive fluid which separates.thc 
cathwdic and anodic fluids and prevents them uniting. The NaOH li(]U()rs sink 
below tlVe layer of oil to the bottom of the .space kk, and are run off through Min. 
The oil bath can have its temperature regulated hy closed steam or water coils. 
Cl escapes from the anod'c space and n from the cathodic spige (see English 
Tateni, 18,403, 1904). . 

Recording to liaukl.uid (Clicmti.ir /.iitmis;, ii)o.j 33, 1125), al Niaga^i Kail, a curient of 
2,500-5,000 amperes is sent through a l>.itU'ry oi( sevei. (-.sis cells. The "dciisily of the current 
u.sed I.s about i ampeif for each S()Uiire inch anodic suiiace The voltage per (cil is 4. Tbe 
diaphragms are cleaned every tiurly days. Curient ellicicney, 90 per eenl. »5-2o 1 . of NaCl 
.solution are sen! through each cell ]»cr.bour. The l»|Uois cstajiing < ontain 1 so g. Ka 4 )II antkzoo g. 
NaCl per litre. 

The main advanUige of the pioccs is stated to be the .-hnost coinpictc ahsenee ufchliuates and 
hypochlorites in the escaping liquors. The resuUiiig NaOIJ liquois are evaporjJIfTJ sc|)arated 
from the NaCl (which cryslailises out), again e(aporaled in open hoyers, and solii containing 
76.77(1 per cent. NaOH, together with 2 fier cent. Na-jCfb, atftl a small aimouiu of NaCl. 

Le Sueur's Cell, of latest con?truction, is described in the American Patent, 
723,398. The cell (Fig. 9) is divided into two»coiniiiirtments by the diaphragm aa 
(made of asbestos), whid^ is coated with iron s;aiize, which forms the cathode. A 
carbon anode B passe^throughTWid closing the anodk- compartment c. K s^jeam 
of NaCl solution enters through the pi|)e c, enters the anodic compartment c by 
jpeans of a hole bored in the lid, and then flows out thrqjigh the diaphragm into* 
the cathodic compartment i). Tfte electrolysed brine collects in n, and the 
resulting liquqj, rich in NaOH, escapes throuj^ f. The fluid pressure in c muJt 
be greater than iii v, otherwistf the‘liquid will not escape* readily through the 
diaphragm. * 

A modification ol this jgocess is stated to tie worked at Kumfurd Kall?in Maine (TJ..S..\. ). 

Tire Outhenin-Chalandre CfellJsee Moniteur Scitutif’ 1907, 789, 586) 
has been used extensively in France, .Switzerland, Italy, and Spain, ^he anodes 



I8. CUlORINFa AXn CHlXnilkR frvducts 

are of (’raphiu-, the cathodcs'of iroii^ ?,nd,tl4; diaphragm consists of a special 
kind of porotts earthenware, v 

Thd Billiter-Sienl.'ns Cell (see British BatenI, 7,75:f, 19075 Ke/shaw, 

Soc. C/i(m. Th-d, 1913', 32, 993-995; Allnnpd, loc. cit.\ Alftfiand,." Principles of’ 
Applied Klcctrochemistry") has, sT-ice 1907,.been extensively introdilcet} on the 
Continent liiid at Niagara I'^alls. „ ^ ? 

'Pile appiii^tus (P'ig. consists of a bell (7 i) closed at the bottom by a diaphragm 
(i, 2^, which rests on nn'iroipor nickel net (3), which st'rves a.s the negative cathode. 
Inside the'bell is th« anode (S) (made ol'carboir), the whole tandtiig in an outer 
vessel (to). ' ' 

The special feature of this cell is the mature of the diaphragnil The wire net 
cathode (3) is covered with ofdinaiy .'ommeicial aslfestos cloth (1), o/rip/nch R pikd 
a po-,vd(r diaplira-^in Ip), made of a composition tonsistkig of insoluble powder 
(like barium sul'phate or alumina), with asbestos wool, the whole being made intijia 
tenacious hut consistent mas? with a solution of common salt ' 

NaCl solution enters lliumgh the ]iipe (12), Hows right through the dia|)liragin, 
is subjected to eleitrolysis in so doing, and escaiies as NaOH througli the 
outlet (13). 



The cell is piovidcd with a spenal heating aiifliigement, which selves to keep 
the liijuid hot. ^ 

Willi 4.1; Mr\)s llll- „()|l.[l.llu-. 4IVC., 12 p<l n-lll N.ldll. mill ^■ffK■|L■llCll■s ol 90 05 I'Cl ClMll. Ill 
tlic lhi-'>ri’lii.-i|.mimiiil Cl t;,o ol 'in pu o’lil vir<.ii!;lh o onhoi! .\ii .ipp.'ii.iUis mlh a calliodic 
111 I Ilf I si|. iiiulK- miilong iinili-r .1 S nsiiiii of 4-4 5 o.ll.. lt■|lllll(■s .1 i-iirieiil nl fioo iniipcres. 'I'lit- 
■sail siiliilion 0 ni.illilailK-il .il Oo' C. ..XihhIis oI magiulic m'li nsiiU' aio iinw slated to he used 
instead id.. ''Siiiii. 

The Biiliter-Leykam Cell, a modilication ol the'liilliter Siemens cell, is an 
improved form of the bi ll jar cell, using cathodes hooded in asbestos and placed 
underneath the anodes. 

Worldiig al .S5' it I'.iiiiidie, .1 12-11.') per eenl. .\a 01 l .U a ciiiienl efficieiier ot 92 pel cenl., 
risini; 3.2 Mills .111(1 enii'liying iin|)iiiilied hiiiie. The diawh.rek 1., Ihe small .iiiipeiage pel unit 1 f 
llooi sj).iee. , 1. - * 

fhe Finlay Cell, described in the British I’atenI, 1,716 ol 1906, also in 
.'Mlmand's “ Principles of .\pplied Klectrochemistry," |). 380, is .a double dkaphragm 
cell, wiih a doubly cotiiiter-liowing electrolyte traversing the cell from end to end by 
iftieans of tubes. By means of a f.lter jiress arrangement (the cell being built much 
like a filter pre.ss), the thickness of‘the electr.ilyteis reduced to a mftiimuni. There 
is .-t constant (Jifference of. hjdrpstatic iiressure ,at every lioint of'the diaphragm, so" 
that tiniforiii percolation of the bribe is seciifed. * 

Ki”. 11 shows .\..ecli('*) of u hatlcjy of (c'*is. a.a mc the rtnt*(k-s, />,/> tlio cathodes, the 
diaphraj^ms (made o«l of'dsl>eslo> uith hoL^ tlfciein al lop and botloni for allowing 1)rinc 

to How Uirough according u* a d.efinite couiitVi-cuneni (iiculating tijlu* s\siein), and arc 
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'‘clistajif pieces'’ framoi placed b^nween ^l»<? dj.ipln.ijjins) which, when pressed up l;y the 

screw* 31-32, enclose a space '*hich constitiflcs an clecliolytic^hambei. dielance pieces*aie 

als<J provided with .hflles. which, with ih(' cHniespondiiiij holes in the cathode, anod«, and 
diaohragms, constiltic parts of the tubes of the ciiciihilin” sysieio. ^hen these parts are arranged 
in ine cell as shown, .irjil afe pres 4 e<l togell^’i lictwecn tlie en<l plates 30 b) ij^/eaiis of thi* sciew 
31, and the ii.indwlieel _|C, oidlces in the Tallucics, (impluagnis, distiuice picees, .ind*nni#le.s all 
coincide, and fofin continuous tultes oi dltets foi cncnraiing ilie^'lecm*)te. ^6 is the fe(*<l system 
for the lirine, 37 ami ai^'.^'cspeetivel#, om-4h)W cisterns *->1 ^lie piodiu ls ol tlie ^iho<le ami anorh-* 
chamliers ies{>t*ctive]\. 3(1 is .1 scjiaiaioi* foi il gas. a snnilai ^epaiator (ji<*t shown) being 
employed for lb^ cliloi iiic- • * • • • 

The sepaiaUas antLpijies connect .witli tlio*llirce <louble lines of holes in tlu^elc^uenis, fiiahing 
up the battery, so ihatthice conliiuu'Us lubul.ir encuits^ie formed for the (jow of iKpiids. * 

According to Donnaii ( /ount. S.u.\'h,'in. /itJ., 1013. 32. (K).i)lhisrt.ll, w01 Ling with [uinlied biine 
and a current density of 4 atnpeies per sipiaie dt'cimeln* <>f diapliiagin, can pioduee S i 2 pci cent 
^’aOII at a voltage noi exceeding ?-".'olis. .uul with a kalhodic cuirent clli< lenry ol oS-()9 pi-r cent 
In 1913 three J.fXTO ampere units W’eie being satisfacl'Hily o|ieiaicd in H^fasi. 'I'lic hinlay cell, 
howevci, accoiding lo^KetshAv -//.). is haiulic.ipiicd l>\ the low ^uueiiUation of the Na(.>II 
pfodured. • 





Kershaw {lor. ri/.) slates lUal (Itaphragi ! ‘ells, willi .1 inoting el^fciioly^c, tlu' 
flow i)f which througli llu- coll counlcrnf Is iln-effcM ts nj conveclion ciirroiils and 
of ionic migration which .iro constant]) occurring. ;iro now llic most t*^[^ionl typo 
of electrolytic cell for tlu. production ol alkali and ‘ hlonno (.ompound^lho Ihlhtor 
Siemens and h’inlay cells [lossessing the highc-l enc.-pT el'lidiTues. 

'rile following figures are given,^showing the cut rent and rttergy efiu^cncics of 
t!ie various electrolytic alkali [iroc esses • 


Naim of I’l^ces-,^ 

h.llii iciK ICS 

pel (.'em. 

• 

( Oncentialion 

0 «('cll. 

('iiiicnl 

Kneigy. , 

So(l,i lacjiiot 

(iriesheiin - 

• “5 

4 S 

* 2 N 

n.Trgiea\ es-Jhid 

• No 

5-1 


Townsend ■ 

94 


4 N • 

Ihllilei-Sieinen'i - 

«I2 

h 

* N 

hilliip^Ia ykaui - I 

95 

59 

. 14N’- 

l■■inlay ■ • 

ff'S i 

• 5s * 

2 N • 

Caslner-Kidliier • 


5^-3 

•... 

Aussig “ hell” 

S7i. • 

40 i) 

• • • 


A'otr .—A guicenlraiion of i N is equivalent to 40 g. of N’.iWH pel liLi^. 
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. (2) The Qu^silver Process of- Electrolysing Alkali Chlorides — 

In this process quicksilver ser.es as the cathode, taking up the .liberated Na as. an 
amal§;am, and giving it at another place to water to form NaOH and hydrogen. 
The great advantage of this process ‘is that jhe NaOrl forined in the neighbouring 
cell iSrCompletely chlopije free, and^n evapOriiting the solution a very i«tre NaOH 
is obtained. Moreover, it ij possible to prepare directly very concentrated NaOH 
'liquors, so tn^^not suchoi great deal of evaptiration is neces-sary as in the process 
first discussed.' The ^b.sentYt of,a diaphragm greatly ^reduces .the resistance, and 
so allows the 'whole operation to be carHed out at a low \Dltage. The main 
disadvantage is the .great cost of tVie large quantities of quicksilver required for 
the plant. 

I'ig. 12 shows the cell employed hy the CastnCT and Keilner Co., Weston 
Point, Runcorn. T^lie large trough mm is divided into three comoartments A,n,.\, by 
two partitions whjch do not touch the bottom of the coll, but fit- into grooves at the 
bottom. Two stout graphitc'-electrodes project through the walls of the two outer 
compartments of the vessel, .while the middle compartment is fitted with an iron 
grid to form the cathode (— pole). The non-porous massive partitions do not 
reach quite to the bottom of the cell, but dip into a layer of mercury covering the 



Fin. 12.—The CaMner-Kellner ( cll. 


bottom as shown. A solution of alkali cliloride flows through the two outer 
compijrtments, and water through the middle compartment. 

On passing the current, the salt dissolved in the water of the two outer 
compartiT.CjJfs a, a is split iqi into Cl and Na ions. The chlorine is evolved as 
such at F, but the sedium travels with the curn nt and 'dissolves in the mercury 
at the bottom of, the compartment, forming ^sodium amalgam. A slow rocking 
motion is given to the whole apparatus by means of an eccentric wheel placed at 
H, and this makes the mercury flow from one compartment into the other, and so 
brings the mercury amalgam into contact with the water in the middle cell, where 
it is Recomposed, forming NtfOH, evolving H, ancT regenerating the mercury. 'I’he 
hydrogen escapes through the loosely-fitting cover. IVhen the NaOH formed in the 
'middle compartment is^sufliciently concentrated it is run off into another tank fqj: 
boiling flown. “ 

According to W. Gerdon Carey {/aA'ru. AVt. 1913, 32, 995), 144 cells of the 

rocking Castneritype, measuring 6 fl. hy 4 ft. internally, and ctmlainmg 2Ch» of mercury, gave 
with a curreitv of 560 amperes af 4 voU., (using Aches<^ graphite anodes and iron cathodes) per cell 
B^ut 0.7s 8«1* ^f 20 j>e‘' cent, caustic soda per hour. Ivlercury in ^he cells was purified from 
disintegrated graphite, rp^rhanical means amSi dilute nitric acid, the total loss of mercury l)eing 
under 2 per cent, per year, t* The evolved chlorine ipad«40 tons of bleaching powder per week. In 
working the ct*ils care ha^.to be taken to prevent \indue hydrogen formation in the anodic chamber 
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Jthegasis being repeatedly analysed), otherwise c»plosionsiniay occur. Kcisnaw at.) gives 
the «irr€«t efficiency as 91 per’cent. afl<f 4 he Inergy efficiency 52.3 per ?«nt. See also Lepsius 
(/tf4 «A)ane^'h;nglish patents, 16,046, 1892 ; 10,584,1893. • 

* Solvay-Kellnc^ Oell— •Fig. 13 jhows a*diagraiii of tlie Solvay-Kellner cell. 

The carlx)n anodes a%,a,a are joined up as shoWh, and dip in^ifa stiong solulion, iff brine 
which fills the trough XY, the briue ei\^‘ring at s an<l fi(>\viiig om at sb Simultaneously a stream 
of mercury enters at flifW? along theboUt^j^ of the cell ^nef cscapt^ .at n, HowiajJ over a “ wcir "• 
at C. As the current jxasses fnuy the. c.arl>on eleciiodes to^ihc ^K‘rc#r\, tlie >. ii^in dissolves in the 



Fk.. Ij.—The SoI\a\-Kellner (\ 


nmicury to form ani.ilgam, wlucii is then reni(»\ed .it P. decom|)osed l>y sie.im, forming H gAi> -ii'd 
• NaOlI, and lb? recovcied meicur\ is pumped in again at H. llhlorine csc.ipes continually at p 
Tlie apparatus is thu#a continuous working one. The escaping .imalg.im conlaiiis usually 0.2 p^ 
cent, of Na. The cel! c.in be built in \eiy large units, taking 10,000-15,000 .unpeies (see (jcrman 
Patent, 104,900, 1898). 

Rhodin’s Cell, stated to be in use in S.iuli Sie Mario in ('.inail.i, consists (Fig. 14) of a circular 
iron trough aa, in which ’ pbicod a bell-like vessel nn, thiougli whicli p.isse.s a series of carbon 
anodes n,P. The NaCl solution is contained in the 1 k*I 1 . The <‘\terioi irough aa, howiwer. is 
filled witli water, and the iHittoni ol ilie irougli c- nUiins m<;rciiry, which forms the anoilc. The 
whole bell slowlv revobe--, and the cjuicksilver ali'.oif)^ the libciated Na as sodium amalgam, ^hich 



is then decomposed hy Jjie watei*?h the exterior irough, fottning N.iOH and if (see /. 

Elektrochem,^ 1903, 9/3W; also (lerinan Patent, 102,774, 1896}. 

• The advantages of the merc^iry cell are (Lepsius, dt.)\—{\) Very pure 
caustic alkali of high concentration ; (2) higl^ current cfficien^ ; (3) n® oxygen 
evolved. The disadvantages are:—(,1) High •oltage requir^ (4.3 volts); (2) ceftt 
of mercury (72,t«ns per plant of 6,000 H.P.); (3) expense of first cost (apart 
from Hg). 

(3) The Beil Process.—In this* process no di^jhfagms are used, the 
separation of the liquors being macle tiependent ui)on the superior sgecific gravity 
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of the caustic sodj or caustic'potash'solution,.which .then sinks to the Bottom,' 
leaving the NftCI ( 5 r KCl soluticm above. ’ 

Rgs. i6, 17, and 1 8 ;^ow the Aussig-Bell Process in longftirjjinal Snd in cross 
section (see (lerman P^ent, 141,187, 1900). Here (the atiode is enclosed in‘an 
inverted,»non-cbnducting bell, with ihe cathcWc outside. In a vessel'w »tand some 
twenty-five small invt^tfcd parthenware “bells,*'’ 0,0, coated externally with iron 
••sheeting cf,'tvliich forms the catfiodes. Iftjide’each bel, <s a'carbon anode a, 
placed so that'-inly a strull space.is left between tlie lyplls of Uie bell and a. All 
the bells are connected m parallel, as showij in Pig. 17. 'J'hroiigh an opening r in 
the carbon anode a. a saturated strfcam of Nat 1 slowly pours out of many small 
hole.s in the pipe dd into the cell. As it enters, the.'liiiuid is subjected to the action 



Longitudinal Section 
) i... ifi. 



c Thi- AiisMg.Hcll|('eIl. 


of the electric current, and the heaVy caustic soda formed sinks downwards and 
fills the trough beneath; as it docs so, it is contii^'dlyremoved by the overflow 
pipe*?'. The Cl gas escapes out of F. The ojienings 11,11 inwhe bells are used for 
fonnecting together the gas spaces .of the twenty-five small bells, so as to maintain 
internal gaseous pressure the same in each cell., < 

I The theory t»f thttprocess lias been ’ orked oiu in deiail h) (). Slcincr {Osterr. Chem. /.til.y 
1907) and F. Chancel (C.tS’., 1908, 1780). *“The alkaline caUiodic iKjuors form in the “bell” iiliarp 
layers (Fig. 18), rtie definiteness of which must l)c inainlained if llic procesj# to work efliciently. 
Its-position iri jhe«ell, also, must nol«<)i.-^aljlore(l to jny great (^xtent, a stale which can only be 
maintained by Continuous I’orking. For in*tlie process f)f^?lectrolysis, the neutral zone, if lelt to 
itself, would steadily a^lv^Aiu^ upwards in consecutctnce of the passage of ftll ions toward the anode, 
for, as explained on p. 16, «.s soon as any KOH is foriwd, it begins to take part in the electrolysis, 
the K passing‘ilowards ihp catliode and the OH Ibns towards the anode; and il is obvious that in 
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the catho 4 ic liquors, where cxce^^ of KOII is pieseiiy il is ilie^KOH whicfl is for tTie ^iiealer j?au 
electrolysed, whereas in the anodic solutio* ayove«t is ihe KCl which mainl\ •nder^ocs eleclrolvsis. 
t.'on^pqueiitly, if we wej'c dealing wiili a st.Uionaiy fluid, ihc^KOlI layer jvouliltsieadilv creep 
upwards lowarus the^inodc, and this is only prevcnltMi h\ .» slead\ coniwnoiis feecrof Kt'l s..!4ition 
.at such a rale as to just counlcrlndance the rise of ilif KOII la\er, ^ that the “iieiiiial /one” 
remains in a statiopary cejidition in tne cell, tii^lher .ul\.aiKing up llu* Hill nor itc^-ding below ii — 
conditions whft-h are e.isi]\’*niainL.iined liy < arefiilh* legul^Ing the \ oli,^<.^.uid tempeiaturff. ai^*! the 
inflow of KCl sftliiiion, so .i> to niuntain* e(|uililnium. The nt^iii.il iTi\fi must ie!iiain*sf\eial 
centimetres distant frofli ili^ati<*de, and ttie Iioltid -liould ]>• healed to .in\ g»ea^i*fteni. 

The iron calhvde must he close to the liell.Tind iIk anode nui-t hcjS‘irec(i\ h<>tj%int:il. 

• • . • • . 

It has bet 5 i foufitl tliat the ncct-ssar? vollat^- fur t-ftitieiUly working this prftioss 
is 4-5 voU?, while the current-i-fficitMicy is gitcii li*s 85-1)0 p^r cent, li s'^elds 
alkaline litiuorS containing ofU‘ri»i20g. KOII per litr<'-<-(“onse(iuenlly nun'h lichei 
ii> KOH than th(* litiuors obtained by tlu, diajdirfigtu piot'css. Howeter, the 
electrolysis of the J'CC.'l ^tyinot he carried to coinidelion owing ty the growing yield 
of O together wit^) the Cl, also some clilorale is formed. • ^ 

One (lisadyintag» of the apparatus is the smallness of its dimensions,' and the 
care and exactness wath whicIT it must be rceiilalt'd, one neressar\ condition to 
this bting exai t hou/on^ulness. Once iif .k iii»n, however, it will keep long at work 
(the graphite anhdes having, it is stated, a 
life *or •five years), and reijiiires but little* 
supervi^n. 

• (4f XheT^used Electrolyt? Process 

IS statr-d to Ik- siirccsifullv woiked on llu- 
^'mgara Falls,(-.cc 1 labor, Z. FJcklrotlu'iit'f, 

• 9 ° 3 i 9 > 394)' ‘Ti'd is jiroUi'tcd bv tbr 
F'aiglisli Patents, 6,(156 and 6,657 ol i8yS, 
and by the (Jernian I’atenis, 'iTeiSis, 

118,049, 118,591, 119,5(11, It is usually 
known as Acker’s jiroc .ss. MoUen lead is 
used for the eathiide lor ('olleeling llu- 
sodium, and the resulting alloy of lead and 
■sodimu is then deeoiniiosed by steam to 
form Bydrogcu and sodium hydro.'ude. 

Fig. 19 shows the apparatiiSj Four graphitie 
anodes dip into ,i 12 15 em. dee|i 

bath of fused salt, so that tliej; aie o 'v 
seniratcd by a distance of .ji, em. from 
the cathode of molten lead c, and on which 
the molten Nat'I lioats. 'I'Ir molten lead 
tire-resisling niatetial, the eoniponeiit pan 
together without mortar or cemetil im-relj by the molten salt penetrating l/tlween 
the crevices, and there solidilving, forms the binilmg material. 

A powerful citiTent of S,ooo amperes, under a tension of 7 volts,i'llt current 
density being 2.9 amjieres jier square eentimetre ari’a, kee^)^ the tiath in a molten 
eondition, tile lead taking up sotu^ 4 [ler cent, of Na, and Ueitig the^i run off 
and decomposed by a blast of steam under a pressure of 2-5 atmospheres. This 
regenerates the lead, whieh is pumped bacit into the ftiniaee again, while a 
stream of burning H e.sr*pcsj^al)ove the lead the NaOH forms in a layer, which 
steadily runs off (alxxit 11 kg. in (jne houi) and i? absorbed in S[)ccial v^^els. 
The chlorine, mixed with air (10 |)cr cent. (]! to (90 per cent, air), escapes from 
Ihe anode and is conducted to \\w^IIaseHdev!r /ikuchin" powder npparalus (ji. 46) 
for chlorinating lime. 

Although .U least SO 1»<T cent. iii<*re entig> ao<i u^iigiici voltage if needed ' iih liii.s process 
than for the electrdlvl^is of a«|ueous 's<dnlions, \et lliis i-s lo someexienl (oinpen%.Tted l»y the high 
,ield and conrcnlration of N.if^’l. a|^‘r.igi#g 04 pcr«c4;nt? The impure sdt fs (l^rfcily cimverled 

• 

' At AusMg 25,000 celf^iire lequired fi»r 5,000^ ’ 



is ( uiilaiiK tl in a \csscl l>uill up of 
of whii li .lie kept l.is%‘nL‘d securely 
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inti 5 NaOH, wfiich is tlfcn fused in iron l)oileri.in order to remove traces of ^/g 0 and CaO, whidi 
are derived from tlie^t^a and Mg sails originally h thy sdt. The MgO and CaO settle out at the 
Ixittom, the resulting products cons!',ting of 97.4-97.6 per cent. NaOH and j per cent Na-jCOj., 
The process Was succes^illy worked at Niagara Kails Iretween 1900 and Ip07, When the works 
were destroyed by fire. ^ ^ - 

Evai)oration an 4 „Concentiytion' of the Caustic Soda and Potash. 

—The'eva[joration of the .NaOtl liquors, contajning as they (^o rnuch NaCl, is 
carried out itj'lriple or quadruple effect vacuum pans very similar to those used in 
the manufacture of soap fev evaporating the soap lyes and recovering the salt 
(see Martin,’s “Industrial Chemistry,” Vol. I,, “Organic”). c 

In evaporation, .advantage is taken of the fact that NaCl and-KCI are very 
sparingly soluble in concentrated NaOH or KOH solution, and consequently, 
as soon as the concentration proceeds far enough, the NaCl separates out almost 
completely, and is keprrated from the NaOH liquors by torcing the whole through 



I'K;. 20.—Vacuum Pan foi ('oncentrating; Cau-lic Soda. 


special filters. Thus, (Kig. 30) a represents the body of the vacuum pan, the 
separating NaCl cf>llecfs in u, wliich is provided with a transporting screw or worm, 
working automatically, which from time to time forces the deposited salt from b 
through the filter press c, wherein the salt remains behind while the NaOH liquors 
are sucked away into n, whence they are forced back agaiij into a, and the evapora- 
tion^continued until the right Concentration is attaineo. 

Ine electrolytic NaOH of the Badische Anilin- und Soda-fabrik is used largely 
for the alizarin fusion. Large quailtities of NaOH find an outlet in the paper,, 
soap-making, and many other trades. 

L The electrolysis of KCl with th^ resulting production of KOH, Cl, and H is 
carried out in,precisely the same manner a.s‘ that of NaCl, and it is possible to 
obtain chlorine-fee KOH by firstrfivaporating to 50” Be. (at which temperature the 
liquor contain's 49 per<';ent. KOH to only o.b'per'fcent! KQ,—so insoluble is KCl 
in concentrated KQH sclution, the substance being often put on the market in this 
form), and after filtering''the separated salt, iby further concentration and crystallisa- 
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tion at feo” C., when the cl^forine-frfee solid hjfdratc ICOH.H .,0 fs obtained. Bel 3 w 
C.'the hydrate KOH.zHoO is dbteindd. " \ 

^ 'fhe industfy is e^ecially devoloped in Germany, where in 1904 i;',ooo*tons electrolytic 
^ NaOH and 28,000 tOTs electrolytic were placed on the market, the evolved chlorine going 

to ni 4 ke some 60,000 tonij of bleaching powdeij. In Gennanv iwo-lhinls of the bleaolnng powder 
made is derival from electrolytic chlorine, ^n the U.S^A. the industry l^ nho iiighlv «ieveloj>ed, 
but in the United Kingdom only a beginning ha', been inadc. ^ * ’ 

The chlorine which is evolved ift these electrolytic «|)rocesses^,is extremely 
concentrated, ^as much so i^i Weldon’s chlorine.'* Il^is ?ither duc*l:tly converted 
into bleacl^ng*powiffer or liquefied. ^ 

The fiydro^en, compressed'’in solid-drawn wcfdless steei cylinders 10*150 
atmospheres, is used for autogenous welding and cutting, for hydrogenating 
uhsaturated organid substances, and for filling airshijis (see Martin’s “ Industrial 
Chemistry,” Vol. JI.). ’fn Germany it is slated that io,oo<4,ooo cubic metres 
a* annually produced from this source alone. " 

Properties of CJhlorine^aS —Greenish-yellow, very irritant sufTorating gas. 
Sp. ga 2.5 (Air — 1). 1 j,-ol. water absorbs of clilorin? gas (measured at o" C. and 

760 mm.):— • 

■R;mpcralun- - - - «io'('. 20’C. ;o’('. yo'C. 

*#«k. ci^hlorine - ^ j.ooi e.ebo i.7()7 0.380 

Silnlight decomposes chlorine water, cau.siiig evolution of o.sygeii; — 

Cl^ - II.O = 2ll( 1 . o. 

Moist chlorine is*’eiy chemically active, uniting with II gas exjilosively in sunlight 
also with most metals (with e.xception of platinum), S, I', etc. Carbon is nof’ 
attacked. Dry chlorine is much less active, having no action on sodium or even 
iron Chlorine is absorbed by sodium lhiosul[)hate, caustic alkalies, lime, etc. 
Powerful bleaching and oxidising agent in presence of moisture. 

For Liquid Chlorine, see p. 31. 
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LrIQUfD CHLORINE 

LITHRATURE 

t 

See *he foregoing reference*l«i chlonne on ])p.»5, 13. a!co Pk- ff.lloniiig ■ - 
Tkkiimann.-' “ Kotnprnnierle Gase." ir^S. 

— *' hortsciirille in tier Kalirikalion •ter .morgeinisehen S.tnien, tier Alkallen, ties 
^^tininonmks untl verwanilter Intluslne/weige, i8ti3-ifKJ5 ' Tleilin, i<>Ov 
Kau^i.— Zeit. iQi/rp. O'trn, 1803. 7, 58. 

Also German l’.Hem, 50,321), 1888. Amern.m i■.lteIll, 401,1195. InigliAi I'.nents i,3, 
1888: 7,058, 1890: 1SS9-1892. 

Chem. 1906, 29, 105; 1905, 69S. 

A. Lanok. — Aft/. air'i’Ti'. Vht'm.. 1900, 684, gue^ the piitsic.sl itiopertie-. ..I iKpud elilorine. 
Gicoi-'i-rkv Martin ami E. l>\N('.\si|..ii gne .i full .ntoimi •>! iht' properties of gaseous 
anti litpiiil clilonne in \'ol. of “ M.itleri Ii'org.tnie ('lieiinsiry.’’ Etliietl hv 

Newton I'rlentl. 1915. 

In Germany, the jiroduction of large qu.tntities of i hlorine by cleetrolysi? of 
alkali chloride solution has led to the matiufacture of litjuid < hitirine on a epn- 
siderable scale. Liquid chlorine is also made in England by the Kastncr-Kellner 
Co. TItc industry arose from the observation of R. Rnietsch (ol the Hadische 
Anilin- und Soda-fabrik), in 1888, that dry litiuid chlorine dties not attack iron’. 
At the present time the h*qind chlorine is sent long distances ijj large boiltEt 
mounted on wheels (stimewhat similar to the apiiaratus used for transporting 
petroleum), and is drawn off fiom'below in .1 liquid eondititni into storage vessels, 
from which it is allowed to issue from above as .1 gas when re(iinr<?d foi use. 

When, however,* only small (juantities aie u'quired, the liquid chlorine 
IS preserved in .steel cylinders, holding from 80-120 lli.s. or mtirc of liquid 
chlorine. ’ ^ 

By means of these methods chlorine h.e been rendered availabTe in a 
convenient form, and is,, now generally used both on the large ancr's,-,wiU scale 
for chlorinating organic materials in the manufacture #f monochloracetic 
acid for the jireparation of indigo (see Martin’s “'fndus.'-rTAl Chpmistry,” Vol. I.), 
chloroform, chloral, carbon, tetrachloride, chlorbenzene, chlortoluene, etc. ; also 
for obtaining bromine from bromides. Recently it has lieen employed in warfare. 

Liquid chlorine is prqduf^d solely from concentrated elertrolytic (or Weldon) 
chlorine. Diluted ch'ivine evolved from the Deacon firocess is quite unsuitable for 
liquefaction. The process is as follows ;— * ^ ’ 

• The concentrated chlorine as jt streams from the electrolytic cells is cooled* 
in earthenware pipes in order to condense as much water and hydrochloric 
acid (if any is present) as possible; the gas .then passes through .concentrate J 
, sulphuric acid la order to dry ft, and then into the gas holder which stands 
over concentrated sulphuric,aci(^(Fig, 21). Krom^v the-gas passes Ijirough the tube 
bed into the compressing pump d. ,) '> 

The piston m works up and cjpwn ib the limb p ofjthd U-shaped tube rs. 
This \J tube is filled with concentrated isulphuric acid, but* the surfac^of the acid 
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in p fs covered with a layer of petroleum. ’J’he tube is widened at r‘ in order 
to prevent the vise and faH of the liquid Surface churning up the sulphuric acid 
anji [letroletim thei ‘in into an emulsion. 'I'he limb s co'ro^unidates with the 
holder'! by means of a vahe n and a hole / (wHch can Jie whoHy or partially 
closed by the screw p). ‘ ' c 

■i\ water bath H ‘jirrrounding s' keeps the-limb s at a temperatuie of 5 o°-8o” C., 
so as to prevent chlorine i^ondet.sing in thi; part of the apparatus, x is the .strong 
glass tube td show the^givel of the litjuitl iii r. The tube leads to the condensing 
coil^ K and the strong steel holder o. The action is as follows;—When the plunger 
M rises in u the jiressure is diminished, and (11 gas is sucked ill from the tube bed 
through the valve / into the chamber r. When, however, the plunger m descends 
on the return stroke, the chlorine which has entere/1 is driven out of the chamber 
K through the valve N into i, the last traces of (11 being forced out of the chamber 
E into T by the »xrc,ss of ai id contained therein The eom|)iete e.vjmlsion of the 
Cl from the chamber above li is essenlial, because in order to liquefy chlorine gas 
it is necessary to compress it to about of its .original value, so that if only a 
small bubble of chlorine leiiiained in E this would greatly impair the efficiency o 1 
the pump. The hole / prevents this, for as soon as the pressuie decieases in F. 



(owing to the rise of the plunger vt)a quantity of .leid is sucked Ironi t through 
the lube / in,o this chamber r so as to partially till it, and consequently somewhat 
less Q 1 IS sufcked into the chamber r, from / than propel I) corresponds to the volume 
of theYlunger M of the pump When now the iilutiger M returns on its downward 
stroke, C; .foirovvs that not only is all the Cl pres.sed out^pf e into r, but also the 
excess of sulphuric acid which had etiteivd the chamhei E through / is also expelled, 
and this stream of acid .''ires out the last traces of (11 liom F. into t. 

The C ompressed chlorine passes away from the ptini]) through f into the 
condensing coil k. Here iKpiefaclwn takes place, the liquid pouring into the strong 
steel vessel o, and then into the steel cylinder v, which stands u|)on a wciglutig 
machine. The steel tran-fi'Ott cylinders are made of .yith a size that they 
wifT'hold, .say, 50 kg. (about 1 cwt.) of chlorine. It .should he noted that for each 
‘r I. caiiacity not more than 1.25 kg. of liquid chlorine can be run in, or i kg', 
of chlorine must have' allowed it o.H I. (The specific gravity of liquid chlorine 
at - 10'’ C. .'s about 1.5.) I kg.' Cl corresponds to about 300 1 . of Cl. 'J'hese 
cylinders arc usually tested every two years u'p to‘22 atmo.spheres.pressure. 

The tirm.Tl. Stluiltze C'"., li.ive pla.e,l on the ihnikcEa don’nie-action coinpressm fni chlorine 
and similar vefy leaclive b'lsc', a section of which is shown in Kig. 2r. The appai.ate.s is worked 
hy eoinpicsserl an. .The u hole .ipparatus is made of acid-resi.sting cast iron The eomprc.ssing 
pistons for the chloiine .rie llvnned tty liquid sulphury aei 3 of 60" lie. comained in the two vess'els v,v. 
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The .sulphtric acid in these two vessels alicinaielv rise* and fall-^ lieinj; ojiciated liv compreSsed an 
entering through A. When the liquid in vTalk, it Clicks in chimine gas IhroiiHli ('he valve H ; and 
when it rises it ^xpcls thc»ch]oiine gas in a compressed condition tahoiil inosphei*i!) llnoiigh (he 
valve K. A glass tu||i* (shown in'outline) indicates dearly whal is lajffig place in each of«the 
vessels V. The chlorine ^as, thercf(*e, only ciinies into coiuaci wilh tin. sulpliulic acu) in V. anfl 
the walls of v hvliivh are«)flcn poicclain or k-ld-lmcd cast iion). 1?) Umn inrans all dihicultics as 
regards pistons,“luiring boxfs, t*k., aicav()ide(f. The WiW^lliat (hr C(nnpK#>cd au ontenn^tlnuugh 
A causes the sulpluiric acid in l) and thr r|j^imhcrs v,v («• ahrinaich ^ise and lall is .as follows !*- The 
comprCsSsed ail rushingthftargh \ into ilic ^.nn!»ci n foi?rs^thc 'iiiluhinic arid ointoV, 

thereby compressiag the chloiine lu v inul c\jKdlin^ u ihrough k \W(en. lto\M^*rt (he sulphuric 
acid is nearly expelled iigifl i> ihi- Ihialei n is Iefi^Mlh<mi su|)ptiil, and nnnirdi.ii 'v .iiiLing opc^atr-v 
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• 

a lcv#i whu'h shuts ofl the siippl) '<T ounpiessrd an. a '<i -yii'iullaneoiislv opri t liir \.d\c («. tlui> 
allowing the roiaprcssrd pi in i» lo ost.ipr into the an I l’<' picssuic thus fails in i*. which caus»“s 
the sulphuiic .u i(l in \ tr» rii^h hath .r;ain ini<i 1>. lliUv .uM' '!ia\\iiig in In sh chloii., ihnnigh ll. 
'Phi nicchanisin is so atiangi'd dial \\ hen the siilptiiii ic leri in oin rha ihri \ i-i ising. i lie siilphm a 
acid III thr othri cliainlut \ is hdlini.'. 

Li(|uicl chlorine is a ycllinv mobile hijuid, liiiling ,il . ,o" (&l i C. il 
lias a va))our pressure o* 5.8 atmospheies, ami i'oiisis|uciUly it can b'e easily 
liquefied either by conipressiiig to 8 atniosjiheres ajiiil cooljifo nilli water, or by 
cooling lo - 50“ C. by ineaiis ol liquid CO,. > , 

The specific gravity of liquid Cl is 1.51^50 ,it - 50', i..tfi85 at o" t'.,'1.^257 at 
15" C., 1.,0 4I at 50" C., 1.2228 al 75' C., and f, i 1 44 at 100' t!. 

For properties of ChlOking, Gas see [i. 25. 
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MAN*UFACTUI.<E OF CHLORATES 
AND.. PERCHLORATES 


, 1.1 l'KK,\rLUE 

—“Stilj'liiuK 4^•Mlall<I Alkali.’’ lui^. 

I l!KIs( H —file lM!>rikiitu*n\<'n Ckloisanii'n Kali. " iSSS. 

I. Ji'inn. Si\. C/nm. Jnd., lNS(>, .joS. 

— foim:. .Sp,. Ciutn. M/, iSSc). i»)S. 

/ou>n. ■ I Cium. 1SS7. 2|S. 

Wkiiji'N /pu)h. SOi. {'he'll! /fid, 

K^.K^II \U.^ “l>it fli ktrolMischc ('liloiaiunlustnr ” Il.\!k. i<)('v 

“ Dirlsf hrilk- 111 di j 1 al'rikalnni dir .‘^.uin ti, dn Alk.du n." «‘ti1S05 

Kjo^ I'n.tTin, |()<)5 

I"'. *'1 k-kttiH’ic-uiK-u.isvi'iii;i-i L^tMl " HH)5 

II S Ikllili, I<KK», 2.''0«>. 

MI M'K \ 11 and h SI HI I I M \ nn.— l•'ll;;Il di I’aiciili-SS >; .v 1S i SS 5: Si i<SSj ; 

1.001). iSSs. ^ 

al'O thr lollow’.lij j-aU-lUs IICIOII'K, Liij.Ts}) I'.iliiit, IS.V-*'- I'.l I M 1 -M-’l 'iH 

Kiiidish 1 ‘ati.iii. iSiM ; .\tiii 111 .iti I’.iliiii, SwiEo Imiioii, Anuman I'.itMii. (>27,<)<'S, 

(At-mi.in I’ati 111. ij<*,so5, 1S9S i.iDLRiis .mil (,'>'ki;is. Ii<-n.li I'.ih iil .:2(),257. 

.MUI 2sS.iij*’, ISf),} : (>cim.Hi I'.iH-iii, 1.^0,(»7.s, |()()i L’ M 11 i> Ai K \ i I < '■ I . I I'.itciii, 1,017, 

i'<()0. IvAMioi I. I-iciuh I’.ik'ui. .>S 2 , 7 .^ 7 , lS(,S. .111(1 (iciiii.in I’.itiiit. 150,747, i()0|. Sli'-Mi'Ti 
.nid HaIsKK, Lcn’i.tii I’.iicni, lOO>. 

Manufacture of Sodium and Potassium Chlorate.- I'oci.'.siiMii chldiaie, 

KI'IJlj, and sddiuni diluratf, Xa(T().,, cM'i’llcMt oxulisiii" ajI'Tils, coMtaining 
till' chlornif aijsoiln’tVni tiu ir fornialiuii av.ii lilc lor oxidising |nn|ioscs (6( '1 3O), 

hnnee (hloiatos arc nuu li used for oxitlrn' inniioscs in van.ns Icchnical 
processes, in the |ire|iaralion of d)cs, and in 1 loth pm ting: also larg.' quantities 
of clilorate are used in the uianularttue o( e\[)losivts and iiiaK lies. 'I'hcchief 
difference between sodium and potassnuu 1 hlorales is llie fui t tli*‘. put^.ssium 
ehlorate is only sparingly »solulile in cold water, liul leadily^ soluble in hot, so 
that it IS easy to obtain ibis siibstanee in a linely ejvstalhp'.' and pure condition. 
Sodium ehlorate, howeicr, is easily soluble in i old water as writ as in fcot, and 
so in cold aqueous solution is somewhat easiei to use than potassituu elilorale, but 
more ditheult to luautifacturc 

Two processes of maiitil*'ture are in use .\e(i:inhng to the old process 
ehlorine gas is led intoi|iot milk of lime, anti the diflieultly crystalhsahle ealct^m 
ehlorate thus produced is converted into potassium or sodium chlorate by adding 
e*:es.s of KCI (or NaLI). 

The more recent clectrMytie process is lieiiig largely worked in the CJnited 
Stales (Niagara Kalis), Sweden, mid the Alps, Miere cheap l»)’dro-electric power 
,is available. lIowtv^.-r, the old process at the time of .writing is hokling its own 
against these newer proccs.sej \\*j wiS describe«;at;h iirocessin turft. ■ 

Old Process for Manufactuse of ’Chlorates.- Milk* of lime is placed 
in a large iron cylinder provided with a slitring ajiparatu.s, and^i stream (»f chlorine 
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is led into the I'iquid. Hek is evolved, and' the liquid spontaneously increases 
its temperaifire to 4e“-so° C, when the calcium hypochlorite at first formed is almost 
entirely decomposed into chlorate, according to the etiuations- 

(I) 2 CI 2 + 2Ca(OII)2 = CaV)CI)2 + CaCl^ + 2KjO. 

» ■' Ciilcium Calfium * 

hypoclilorite. chloride. 

f . ' 

( 2 ) 3Ca(0C:i)., = Ca^CIO;,}., > 2 CaCl 2 .' 

Calcium . C: Icium 
chlorate. chloride. 

Or' exjirejsed in one equation;— 

6Ct t 6Ca(01I)2 -• ('alClO.t + SCaCt -I 61I..O. 

Towards the end of the reaction a ])ink colour appears in'the liquid, due to the 
formation of snitd,.quantities of permanganate, owing to th" presence of traces 
of manganese'in the lime. The liquid is now neutralised and filtered, and then 
excess of KCl is added, when potassium chlorate is formed and crytallises out;— 

2Kn + CalCIO,),, = 2KCIO, I CaCl.j. 

On cooling the mother li(]uors strongly with s])ecial lefrigeiating machines a further 
croji of KCIO3 separates. The mother litiuors arc very rich in CaC'l.,, the fcchmral 
utilisation of which (as in the Weldon and .Ammonia-Soda jirocesses).^- one of the 
unsolved problems of chemical indu.strv (see Martin’s “Industrial Chemistry,” 
Vol. II.). 

The potassium chlorate is freed from chloride by recrystallisation. ' Ti.e 
preparation of sodium chlorate differs from that of potassium chlorate, owing to 
the fact that it is much more easily soluble in cold water, and thus more dilificuU 
to sepaiate by crystallisation. 100 jiarts of cold water at 20" C. dissolve 7.3 parts 
of KCIOj again.st yp parts of Nat 10 .,. Hence in this case the procedure is as 
fol'ows, -To the neutralised anil filtered c.alcium chlorate solution e.vccss of NaCl 
solution is added, .and the liquor allowed to evaporate until call iuni chloride, CaCl.,, 
separates out in a crystalline state. Now (llauber salt (sodium siiljihate) is added 
so as to precipitate the rest of the calcium salts in solution as calcium sulj'hatc:— 

' C-it'l. -I MoSCi, ^ C.iSO, 4 2N.1CI; Cat'IO. -1 Mi.,SO, CaSO, -I- 2Nn('iO,,. 

I’he sodium'V hloride and sodium chloiaie in the mother liquors are then separated 
by crystallisation, sodium chloiide being much less soluble in water than sodium 
chlorate. 

In pi.iclU'v 11 Is foiintl that alsnil seven limes more ihloiiiK- is nei'essary In jiinduce 1 part uf 
jMilassium clikilale llian the same weigtil of bleaehini; powder. I ioin the jireceding eijuations it will 
lie seen that, cheorelie.iDy, some five-sisllis of llie chloiim Uscd passes .iwai as tile almost worthless 
Cat'impnietirallv considerably more tluin liw sixths ol ihe used chlorine is ua.sled), but the cblorine 
thus iiTit,Jibed is coinerled into llie eiinivaleiit amoiinl of .n.ulablc oxygen in the resulting chlorate. 
This i.^,ia;n f?oin Ihe cipialions : - 

faCI - bO. 

, lafhs.l hCayOIi).. = ttatClO..).. 1 sCaCI., I 6II.,(). 

‘ Ca(C 10 :,)„ CaC:L t (> 0 . 

Manufacture of Chlorates and Perchlorates by Electrolysis.— When 
an electric current is passed through a hot aqueou.s solution of potassium chloride, 
K(ll, the current, under certain conditions, can split uj/ the water, oxygen being 
evolved at the d-pole (anode) and hydrogen at the - pole (1130 = -I-O). The 

KCl also undergoes.decomposition, KOH aid hydrogen being produced at the 
-pole and Cl at the positive pole (KC 1 = K-|-CI; K-f H^O---KOH-f H). If, 
however, these different products arc not automatically separated as formed, but 
are liberated under such conditions that they can all react together at a temperature, 
of 45 '’-ioo° C.', we get the chlorire absorbed by the .KOH formed, forming hypo¬ 
chlorite (2KOH -I- ?C ,1 = KCIO f KCl -h HjO), and the nascent oxygen also absorbed 
in oxidising the'hypichlorite to chlorate (KCIO + 20 = KCloJ. Also the hypo¬ 
chlorite spontaneously decomposes into'chlorate ( 3 K 0 C 1 = KCIO5 +2KCI). It is 



37 


QHLOtATES iND PERCHLORATES 

thus possible, by*carrying out the elactr,olya«s <Jf KCl solution undty suitable condi¬ 
tions, to obtaip an ei^ellent yield of KCIO3, the final* result Joeing ei^essible by 
the equation f— 

KCH+ yH^O f KCIO, -I yllj. 

Practically ori^t traces (tf free oxygen or*chlorine»aTe evolved. 

Gall and Mlootlaux (SwitzoWandi were the (Jrjt (i^Sg iSgo) to succes.sfully 
produce chlorates 01? the large .stale by electrolytic processes, and so»fcng ago as 
1900 their factories a» Vallofloe and S. Michel wSre producing soifti? 3,000-3,500 
tons of chlorat# annually. • * • . , * 

The firSf cells of this firm ivJre provided with (fiaphragm^, and the alkaline 
cathodic liquors were transferred to'the anodic comparlincnt by special means. At 
the present time, hovfever, the u!>e of diaphragms has bCcn given up, ami the neutral 
KCl solution is simply elSotrolysed, using platinum-iridium ncf^piodes with stirrers 
in t^e cell to bring the chlorine into contact with the KOll proflucecUat the cathode. 

• * • 

The bath is healed by iie pass.igc»t)f the cuircnl lo ovei 40’ C. The baili liijiiitrs, when con- 
’ taining sutUcient KClOjj, arc renio\cd, tlic K(?l< allowed to crysttllisc out, and the in(*lher 
again saturated with KCl, aie^fllowed to run hack into the 
eiectrolyser. 

In Gibb’s Process, as used^at the National 
Electrolj’tic*‘C'o., at Niagaia Falls, N.V., the (cll 
consists of a wooden trough lined with lead and 
divided into a number of coiripartmeiits. Fig. 23 
sSbws a longitudinal section through the cell The 
anodic surfaces 11 9 te sheet-lead covered over with 
platinum foil. The cathodes consist simply of a 
number of copper wires c, fi.'.ed vertically in the 
cell by insulating bars o. I'.t are insulating strips. 

A continuous stream of alkali chloride solution is 
led in through a to jhe liottom of the atipar.atus, 
and the chlorate produced in the cell, together 
with um^iaiiged KCl and II gas, escapes through 
the openings H. , 

• 

The temperature nf the bath is kept at wlien 

the Ijrinc flows tlinuigli the tells at the rate of 2S 1 per hour, 
while the yield from the current is^abotfi 70 pt r tent, of 
iheoi^'* deiisit)' eiupl<iycil amoii .’v it> 515 

iiiTi]K“rcs per squatc at the anode, the curu t gomq 

through the senes of rt-lls being 1 ,^>50 amperes. ’I'u'w iiks 
at Niagara use 2,000 II.I’, horn the falls. 'Die escaning Imjudis must not eontain tlian 30 per 
cenl. chlorate per lure. 

# 

In Lederlin and Corbin's Cell (see French Patents, 226,257»,)f 181^, and 
238,612, of 1894) a large fluinlier of plalimim foil electrodes c^Fig. 24), fixed close . 
together in ebonite holders r. in a lank of cement, ace employed. The hot current 
of alkali chloride solution, entering at o, flows between these elcArodgf f, and so 
is converted into chlorate in tlic usu.-d way. 'I'be solution of chlorates run off at 
Q. o and II are wooden supports for the ebonite holders. 'I'his aiiparatus has 
been successfully employed*)# the large scale, and h»s been working since 1895 
in a number of Continental factories. 

• Since the formaliun of potassium chlora*' takes pl.ice according to ttii*etiuation; — 

KCl I 3tFC =-- KCIO^m- 3II., 

(only very little <ixyg»n heing evolved tluougl* secondary decomposition of w.Ucr),^l)oot J cuts m. 

* of hydrogen gas is evolved to every i kjj KC||X| produced. , ' , 

Considerahle losses of current^nsue by the reiluctinn "f the hypochhjile formed at first liy the 
hydrogen evolved at the cathode, and many proposals have ireen made fo^vcrcome this difficulty. 
Thus th.e addition of 0.2 per cent. Calila (sea French Patent, 283,737 ; ®ermafi Patent, 159,747, of 
3rst May 1904)01 the presence of jxitassium (fiftiromate and IICI (see JJerman P.auyts, 110,505, 
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is led into the ("iquid. HeSt is evoivetl, anct the liquid spontaneously increases 
its temperaiHre to 4^-50° Cf, when the calcium hypochlorite at first formed is almost 
entirely decomposed into chlorate, according to the eiliuations 

' (0*2012 + 2Ca(01I)o = c/(pCl)o + CaCl2 + aKjO. 

'■ f ' 1 Calcium Calcium * 

hypuchlorite. chloride. 

r , . ' ' , 

' (2) 3 Gi(OC 1),, = CalCK);,)2 > aCaCI^. 

^ ! i Cutriiim . Olcium 

^rhhiratc. chloride. ,• 

Or'expressed in one equation ^ 

6 (’l.. 4 hOilOII). -- Ca((:U).,)., 4 Sl.'aCL + 6 II., 0 . • 

Towards the end of the'reaction a pink colour'appears in'the liquid, due to'che 
formation of smd^quantilies of permanganate, owing to the presence of traces 
of mangancse'in the lime. The liquid is now neutralised and filtered, and |,hen 
excess of KCl is added, when potassium chlorate i^ formed /Ind cryf'lallises out:— ' 

2KI'1 -I fa{Cl(‘):). = alsCIO, t tt.iQh. 

On cooling the mother liiiuors strongly with special lefrigerating machines a^further 
crop of KCIO3 separates. The mother litpiors are very rich in CaCI^, the technical 
utilisation of which (as in the Weldon and .Amifionia-Soda processes)d~one of the 
unsolved iiroblems of chemical industry (see Martin’s “Industrial (Ihciniatry, ’ 
Vol. 11 .). 

The poUassium chlorate is freed from chloride by recrysUllisation. 'The 
preparation of sodium chlorate differs from that of jiotassiuf.i chlorate, owing to 
the fact that it is much mon- easily soluble in cold water, and thus more difficult 
to sejiaiate by crystalli.sation. 100 parts of cold water at 20" (1. dissolve 7.3 parts 
of KUO., against 99 parts of NaUO.,. Hence in this case the procedure is as 
fol’ows:—To the neutralised and filtered calcium chlorate solution excess of NaCl 
solution is .added, and the iKpior allowed to evaporate until caUium chloride, CaClo, 
separates out in a crysi.rlliiie state. Now Olauber salt (sodium sulphate) is .added 
so as to precipitate the rest ol the (alciuin .salts in solution as cakitim sulphate:.— 

■ CiiCb I Na.jSl.lj -- ('.i.SO, ( 2 N.i<' 1; C.it’IO. 4 N.ijSO, = t'.iSO, + 2Na('IO,;. 

*'*rhe Bodiuni't hlorido and sodium chloiale m the mother liquors are then separated 
by crystallisation, sodium chloride being much less soluble in water than .sodium 
chlorate. i 

In [iisiolucit lb Imnul llnil about seven tinits more fliloniif is nftVssarv to j>ro(hico i p:irl of 
potassium clibnalc than the sani- weij^bt of bleaching pnwdcr. I tem Uie picoeiliny; t*(juations it will 
be seen thal,<hc"rctit.ill\, some bve-sixlhs (»f the t'hlonnc used passes awa\ as tlie almost worthless 
(.'aCdaJpi.u ticall) considiTably more tlinn t'i\e -si\llis nf ibe used cbloiinc is wasted), hut the chlorine 
thus lUi^iibed is (:on^elled into the (‘([uivalent ainouiU ol axail.iblc f'xy^^en in the resulting clilorale. 
This Inmi the eipialions :— 

f.;Cl -- 60. 

12CS1 6 (:a;OII)o = Ca(CIO,)., -i sCaCl., -t 6 II.p 

Ca(C10j)jj -- CaCfo ! 60. 

Manufacture of Chlorates and Perchlorates by Electrolysis.—When 
an elcctrii current is passe(l through a hot aqucoui. sifiution of potassium chloride, 
Ji(d, the cunent, under certain conditions, can .split ujrthc water, oxygen being 
evolved at the +pole (anode) and hydrogen fit the - pole (H..O = + 0). The 
KCl also undergoes .decomposition, KOH aid hydrogen being produced at the 
-pole and Cl at the po.sitive jiole (KC1 = K + CI; K + H.O = KOH + H). If, 
however, these diffeient products are not,automatically separated as formed, but 
are liberated under such conditions that they can all react together at a temperature, 
of 4S°-ioo°. C.‘, we get the chlorire absorbed by the .KOH formed, forming hypo¬ 
chlorite (2KOH -I- ?C,1 = KCIO f KCl -t; HjO), and the nascent oxygen also absorbed 
in oxidising the'hypochlorite to chloratq (KCIO-I-20 = KCIO,). Also tl^e hypo¬ 
chlorite spontaneoujly decomposes into'chlorate (3KOCI = K(ilOj-l-2KCI). It is 
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thus possible, b/carrying out the elactr,oly»is <»f KCl solution undty suitable condi¬ 
tions, to obtain an ej^ellent yield of KClOj, the final* result Jreing ei^essible by 
the equation f— • ' 

KC1*+ JH„0 KCIO., -t 

Practically onV traces 0( free oxygen or*chlorinc»are evolved. 

Gall and Mootlaux (Switzeiandi were the frjt (^891890) to sitcces.sfully 
produce chlorates on the large scale by electrolytic proccsst*, and so«!bng ago gs 
1900 their factories at Valloftie and S. Michel wSre producing soiti^ 3,000-3,500 
tons of chlorate annually. • • # , , • 

The firSf cells of this firm wire provided with (Jiaphrugmii> and the alkaline 
cathodic liquors were transferred to*the anodic compartment by special means. At 
the present time, hovfever, the use of diaphragms has been given up, and tlie neutral 
KCl solution is simply elCatroly.sed, using platinum-iridium nctypiodes with stirrers 
in tjje cell to bring the chlorine into contact with the KOI I profluced,at the cathode. 

, • ■ • 

The bath is heated by Ihe pahsago*c)f the cuircnt to over 40 ''' C. Tlu* batli litjuors, when con- 

*J;aining sufBoient KCIO;,, are removed, the KClOj allowed lo crysttllise out, and ihc mother lit|Uors, 
apain saturate<l wiili KCl, are^lllowed to run back into the 
eleclrolyscr. * 

In Gibb’s Process, as used^at the National 
Electroljtic*"Co., at Niagara Kails, N.V., the cell 
consists of a wooden trough lined with lead and 
divided into a number of compartments. Kig. 33 
sftbws a longitudinal section through the cell The 
anodic surfaces 11 Ac .sheet lead covered iner with 
^jlatinum foil. The cathodes consist simply of a 
number of copper wires c, fixed vertically in tlic 
cell by insulating bars o. f,k arc insulating strips. 

A continuous stream ol alkali chloride solulion is 
led in through c to Jhe bottom of tlie apparatus, 
and the chlorate produced in the cell, together 
with untiianged KCl and M gas, escapes through 
the openings ti. 



Kir.. 2! 


-tiibti’l Clcctiolytic t'cll 
fur CliJuMlu. 


The Iciiiperalurc uf tlie bath is kepi at bo"-70" t’., wlicn 
the biine flows through the cells at the r.ile of 2S I. per himi, 
while the yichl from the cutrent is,al»oitt 70 pei c rU. of 
theoiy. Tile current tlcitsity cniplo)e(i amoimts t* 55 
atriperes per scpiarc met.?- at the anode, the current going 
through the series of cells being 1,650 ampere.s. Tlie works , 

at Niagara use 2,000 II.P. troin the tails. The esraping liquors must not contaiii mqic than 30 per 
cent, chlorate per litre. 

^ « 

In Lederlin and Corbin's Cell (see French Patents, 22(1,257^)1 t 8^, and 
238,612, of 1894) a large ffumber of platinum foil electrodes c/Fig. 24), fixed close , 
together in ebonite holders it in a tank of cement, ar_e emiiloyed. The hot current 
of alkali chloride solution, entering at o, flows between these eleArodtjji C, and so 
is converted into chlorate in the usual way. Tbe solution of chlorates run off at 
Q. G and H are wooden supfiorts for the ebonite holders. This apparatus has 
been successfully employed*)*'the large scale, and h«s been working since 1895 
in a number of Continental factories. « 


• Since the formation of potassium chloia*.' takes place according lo th«e(|uation : - 
KCl t 3II2O =- KCIO^wt- 3II,, 

, (only very little oxygan feeing evolved thVougli .secondary decomposilion of water),^rbout i cult. m. 
of hydrogen gas is evolved to every i KCIp,, produced. , ' , ’ 

Considerable losses of currenrttnsue by the reduction tlie hypuchlofite formed at first by the 
hydrogen evolved at the cathode, and many proposals have been made niarivercome this difficulty. 
Thus th.e addition of 0.2 per cent. CaClj (sea French Tatcnl, 283,737 > ®crma!l Patent, 159,747, of 
31st May 1904) or the presence of |x)tassium (fifttromate and HCl (sec german Patqpts, 110,505, 
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. < ‘ ^ 

of 29tH March 1898, and I36,678». of I2lh 1901) fonstdera^Iy reduce the'loss, poslibly owing 
to the formation on'the cathode 0/ a thin layer of Ca(OII)2 or CrfOIOg, which acts as a dikphragm 
and preventAthe evolved hydrogen loo readily from coming into contict with hypochlorite 
ge«eratQd. When chromate is used llie temperature of the bath is kept'a^, 75“ C. The United 
Alkali Co. (English Patent, 1,017, 1899) add alumi^^'um salts/or clay, or '.licicacid to the electrolyte 
for the same purpose; Siemens and Ilalske (Cerm.'n Patent, 153,859, bf 22nll Inarch 1903) add 
fluorides, while the (Ittman Solvay (German Patent, 174,128, of iith «»fanuary 1905) add 

soluble vanadium coni|)ounds-jan ^f ydiich process®, rais/ the current ^vield of chlorate. 

The sligl# revolution of chlorine at the bcginnir^ of thd electrolysis m&y be avoided by adding 
KOH to the‘’la/h, a proefas, lowewr, which diminishes thc^-yield frpm the'current employed. 
Petter yields are obtained by keeping the eleclroVle slightly acid, when the free, hypochlorous acid 
forijied proRioles the formation of flrtorafe according to tho e<juation : — 

KOCl + 2HOCI = KCIO, 4' 2IICI. 

The current needed for producing one gram-molecule (122.5 S-)— 

'kGIO. - 6Cl = - [ 5 i amperes per hour. 

♦» 60 X 60 ‘ ‘ 

t 

A current of i ampere in twenty-four liours can yield 18.3 g.<KClO{. 

The manufacture of sodium chlorate, Naf'iO^, from'p.alt (N4CI) is airricd out*' 
just as the manufacture of RClO.j from K.C1, hm owing to the great solubility of 



NaClOy in water a conijilete se])aration of the Na(dO^ from the NaCl is only 
attained by re[)eated recrystallisaiion. 

Manufacture of Perchlorates. —When the percentage of sodium chloride 
in the*fekctrolytic bath falls below 5 per cent, perchlorate, NaCi04 is formed, 

‘ together with chloratt., NaClO;;: * 

• * * NaCl 4- 4IU) =. NaClO, 4- 4II.., 

NaCl 4 3II.P = NaClO;, 4 - 3H.I 

c " 

If the temperature is kept low anJ the current deiisify small all the chlorate will 
disappear, being converted irtto [rcrchlorate — ' , 

• • c 

NaCIOj + lU) = NaClO, + H.. 

- . « " •< 
With to per cent. NaQ or more in solution [lerchlorate is not formed in noticeable 

.quantities, and also jierchlorate i^.not formed in liot baths. The conditions of 
formation of perchlorate from chlorides, therefore, are dilute s»ltp,ions of chloride, 
low temperatures, and loi? cunjenf densities, however, in the manufacture of 
perchlorates, usually fiey arc not obtained directly frouj, chloride solutions, but 
the chloride is coBV(?tt»i first into chloiate, apd then the chlorate so obtained is 
electrolysed into perchlorate. ' * 
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Wintellr ( Zeit., 189^, 89) haj workt^ o*t in detaij the Ijest ronditions. A'iSuming 
that thekolulion only contains chlorates, he finfis that these condi^ons are:—(il*A low temperature 
at anode, (2) amtacid solution at anode, (3) current density, 8-12 amperes i>er square (Jlctrc, (4) hiqh 
concentration of the ete^trolyle, (sf artificial cooling of the electrodes. ^ 

• Lederlin (German Paftnl, 136,678, of igoi^adds hichromate to the electrolyte (iicst by adding 
chromate and tlmn^t jicriftdic intervals running in some free IlCi). He claims lhaithis procedure 
greatly incrcasesShe yield hf perchlorate. Wilson (Gerlliifti Patent, 143,347, of 1902) ad'Oises the 
pre.sence of a little free,chlorine in the batii. 

Couleru (Ciiem. Z^ii., 19*16, 30, 213) states tljat l^ie tiectrolys^ jol the INaCl 
solution is continuc(> until a solution otgitainino some 750 g. ])er litre of sodium 
chlorate, NaCIO,, is obtained—thereby saving the*«xpcnse of concentrating jthe 
liquid. A Crude sodium chlorate.is deposited from this solution, which is then 
rediss lived in wate;, and so g solution containing .practically only chlorate is 
obtained, the presence of.chloride or hy|)ochlorite being injtnious. This chlorate 
solution is then electrolysed for perchlorate, using platinupi* anodes and iron 
cathodes, the electrolysis being carried out in as .concentrated* a solution of 
chlorate as possible. • • 

Any alkali formed is neutralised, and the bath is ke[)t between 8° and 10° C., 
a temfierature over 25“ C. being very injurious indeed. The temperature is kept 
low either by means of cooling coils inserted m the bath, or else the electrodes are 
them.selvcs cooled internally, special refrigerating machines being used for the 
purgost^ *■ 

The current density, and .also the adtlition of various sub.stances to the electrolyte, 
doeii, not effect to any great degree the yield, which timounts to S5 jter cent, of 
theoretical. The electrolysis should be continueil until all the chlorate is converted 
into sodium perchffiratc, which, being very soluble in water, iloes not crystalli.se out. 
'Sodium peichloralc, moreover, is hygrosco|iic, and so is (piite unsuit.able for the 
manufacture of e.xplosives and firework.s. It is therefore never isolated as stich, 
but is always directly < onverted into the more convenient and non-hygrosco[)ic 
potassium perchlorate, KCIC),, or ammonium perchlorate, NH^CI04, by 

adding to the conttMit sodium perchlorate solution excess of KCl or ammonium 
salts (qNlIiCI or NH,NO.,), and crystallising out. 

KCIP)^ IS .only sparingly soluble in cold water, 1,000 c.c. cold water merely 
taking up 15 g. KCIO4, and hot water some 18^-225 g., so th.at it is very easily 
separated by crystallisation from Nadi, winch is much more .soluble bvcold water-. 
r,ooo c.c. cold water dissolves 250 g. amtiHinium perchlorate, and .so the ammonium 
perchlorate is somewhat more ,dill»;ult to ficv. from NaCl by crystallis.uion ; how'- 
evet^ as the solubility^of the ammonium s.ilt rapidly increases with^hc temperature, 
in practice not much difficulty is experienced m [trciiaring pure .immoniiim 
perchlorate. • 

The crude salts which crystallise out are washed with a little w. 1 ter, and are 
obtained easily 99 per cent. pure. They are dtied with steam, or hot ;iif, at a 
temperature below 100” C. 

In A Wfl st.Ue llie substances are ni>l in anyway dangerous; wlit-n *lry, however, and mixed* 
with oxi<li-‘sal)le organic matter, they may set up dangertius exprosive #.iml)usHo% and accidents have 
occurred owiitg tt) workmen’s clothing becoming impregnated with the iKjuors, which havcThen dried. 

Considera[)]c amounts of perchlorates are* manufactured for explosives, per¬ 
chlorates being better adapted for this jmrpose tha% chlorates, both on account 
of their greater stability Snd their higher perci^fUage of oxygen. 

• Analysis.—The amount of perchloric i^id is not estimable by titration, as the contained oxygen® 

is not active. The amount of metal in the salt is. therefore, obtained in the usual gravimetric 
manner, and so the amfiunt of perchlorate is calculated froii this. ♦ 
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BL-EACHING POWDER* AND 
.HYPOCHLORITES. 

s 

IJTERATURK 

Luni.k.— “Siil^'huric Aciti and Alkali.” 

lAcKi.irARDi. Hypocldoiite und I*dclsliis<'hf lilciclic ” 1903 

BLE.L'HING I'OWDKR 


WiiKN moderately dry' slaked lime is treated witli chlorine in the cold, it 
»feifs«l)s some* 35-36 |)er cent, of chlorine to foim a dry white powder, which 
possesses stroiitt yoaching and disinfecting pro|)erties, and is known as “ bleaching 
• powder” or “chlotide of iiiiie.” 'I'hese properties arise from its power of giving* 
off the absorbed chlonne again when tieated with acids. .Mthongli commercial 
bleaching powder usually conlain.s only 35-36 per cent. ‘‘avail.able ” chlorine, yet, 
if the temperature of the lime be ke|)t between 30' C. and 40" (’., a bleaching 
powder containing some 40 per cent of av.ul.able chlorine may be obtained, ijiider 
very special circumstances lime has been known to lake up as much as 43.5 
per ftiQt. of “available” chlorine. The actual amount of available chlorine 
in bleaching powder depends greatly on the mode of manufacture, its age, etc. 


Tlif /(dliHS'inj,^ OH’ lypic.il iiiSlysis o( 


IVr (Vnt. 


Available (klonnc 


\Chlorine aj ihlonde 


Chlorine tr-T chlo/aft^ 

o.os-0.26 

Linn- 

- 43 5-44 5 

Ma^^nesia 

03.04 

ferric oxide - 

0.020.05 


IiltMtluni: fjouder: - 



Per ( cni. 

\!ui>iina 

0.3.0.4 

in'^ancse oxide 

trace 

(\i'l\'uu and 

0.2-0.5 

SCtiU 

O- 3 - 0-5 

Water and low 

16.3-17.0 


Lunge an<l Schappe niiule a Hf.ulung p(»w<lcr with perfectly pure lime so^s the 


• 


I'?r ('cut. 

Available 1 hloi me 


• 43 -LL 

i 'hloruie as i blonde 


0.2^ 

Ltme 


39-89 

CO., 


0.42 

(dirccLestimation) - 


17.CO 



100.73 


• In 1785 C. L. Berlhnllet, in Paris, di'^overed the bleaching action of “ Javel water,’'producet^, 
by llie action of chlorine on potash. Watt brought the news to GiJkgow, and in 1798 Charle* 
Tennant patented a process for use of cheaper lime it^stead of j«»lash, tliis patent being sul^ 
se<|uently declared void because lime hj^il bc;fn used foi*the same purpone in Lancashire for some 
years prior to Tennafil’s |)atent. It was therefore only natural that the action of t^c chlorine in the 



’ Perfectly dry slaked lime, is not atfted on at all by cldttrme.^ For the best results 

the lime .should contain some 4 per certl. cjf excess water r>ver tHit rcifuired for the formula 
Ca(OH).., and the lime should be as pure as possible. 
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Ca(0H)2 was thought to be similkr in nature l.) that which occurs when chiorine is led into 
cold KOII or NaOH solutions, when potassium or sodium hypochlorites (KCIO or NaCIO) are 
formed, and so Heaching powder was at first thought to be merely a mixture of CaC’^ and calcium 
hypochlorite, Ca(CIO)2, produced thus:— 

2Ca(OH).j + 2C!.i = Ca(C 10 )a + CaClg 4 - 2lLa. 

Cakium Calcium * 

hypochlorite. ':hlonde. 

However, it sccnis practically certain that ordinary dry bleaching powder does not contain calcium 
hypochlorite, CatCiO)ji, as such, and the exact constitution of dry bleaching nowder or “chloride of 
lime”is still a matter of dis[)ute. Balard gave it the formula Ca(OCl)2.CaCl2 + Ca(OH).2; while 
Stabhchmidt proposed the formula </.i(OCl)(OII).CaClo.2lLO. However, the form\ *a now most 
favourably received is that suggested in i86l liy W. Odling, who assumed that the essential 
component of bleaching p<wder was the compound Cl—Ca—OCl, which is mixed with uncombined 
lime, Ca(OH)2. 

Commercial bleaching powder is IkjsI represented by such a formida as Ca{OCl)Cl + //.Ca(On)2, 
where « —nearly that is to say, 2Ca(OCl)Cl4 Ca(OH}. 

Tlic formation of the comjiound Cl—Ca—OCl could be regarded as due to the neutralisation of 
lime by a molecule of each of the monobasic acids formed iiy the action of chlo.inc on moisture 
present in the lime, thus :— 

/Oil HOCl / 0 ('l 

C.i< -f- =Ca< I 2II0O. 

\)II IICl ^C 1 

It is very probable that Odling’s formula is correct, and that dry bleaching powder doe- not contain 
any calcium chloride as represented by ltalar<l\ and St.ihlsrhmidl’s formul.e, for the f llov’ing 
reasons:—(i) The chlorine can be completely expelled from bleaching powder by moist COo at 
70” C., whereas ( a(Mo is not ‘o liecomposihle. (2) (lood bleaching powder is not deliquescent, as 
it would be if t'aClo as such was present in it ; also CaCb is readily soluble in alcohol, v'.ferea* 
alcohol extracts very little CaCL from bleaching powder. (3) bleaching p(i\ Jer cannot be made 
. to take up more than 43.5 per cent, of CJ. 

Althougli ordinary bleaching powder is regarded as not cf)ntaining calcium 
hypochlorite, Ca(OCl)2^ as such, but rather the compound Cl-Ca-O-Cl, yet this 
only, applies to dry bleaching powder. As soon as the bleaching powder is thrown 
into'excess of cold water it is decomposed thus:— 

aCafOCDCl ^ Ca(()Cl)o + CaCI^. 

Itleaching CAlcuim Calcicni 

powder liypcx hiorite. chlorirle. 

The caiLjum hypochlorite, Ca(CIO)2, -nd calcium chloride jiass into solution, whilst the unchanged 
,.alcium hydroxide forms an insoluble layer at the bottom, the solution po.sses.sing an intensely 
alkaline reaction owing to the presence of some dissolved Ca(OH).2, whicli, of cour.sc, is a strong 
lxi.se. It lias I'leen suggested that hydrolysis takes place, thus : — 

• Oi((K'l).. -I II.O ('a((HI)., + IIOCl. 

The practical application of bleaching powder depends upon the fact that when 
excess of acid is added to the solution, practically all the chlorine is evolvable 
as free, chlorine, thus 

> , ■ 0 »(C 10 )„ + Ca(:i„ + llaSOj = 2CaSOj I- all.p I 4CI. 

Ca(C 10 )j + CaClj -t 2IICI = aCaCL + alJ.jO + aCl. 

It i.s probable Ihai the liberation of chlorine by acids is due first to tlie formation of hypochlorous 
acid, HOCl, thus:— 

Ca{OCl)CI 4 - HCI = HOCl 4 - CaCla- 

The hypochlorous acid formed is^very unstable and decomposes with excess of acid liberating 
chlepnc, tlms;— 

, HOCl 4 - HCI =: CU + II..O. 

1 ^ ^ 

.Very dilute acid added to '.ilcaching powder liliciates hypochlorous acid, IIOCl, atone. 

It is the amount of chlorine thus set free, t,he “available chlorine” as it is 
called, which determines the technical value for bleaching purpases. 

In bleaching with bleaching pov'der or wi.h sodium or potassium hypochlorite, 
the fabric is steeped in a dilute aqueous solution of (he bleaching agent, and then 
in dilute acid. Kypocilorous acid, HCIO, is liberated as above described, and 
then free chlorine. The chlorine acts on!the moisture of the wet fibre, liberating 
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nascent%xygeni(HjO + Cl2= 2HCI4 O) nihicli oxidise* the colouring matter’of the 
fibre into a colourless oxidation product, and so “ bleahhes ” the fibre. , 

Treating«with^€id in this manner causes a rapid and energetic'blcitching action 
to take place. Ho%ever, treating the> fabric with a dilute a(iueous solution’ of 
bleaching powder cailjes a moderate atvd even bleaching action, which is accelerated 
by the action\f atmospheric CO.,.^ ’ ’ ’ . ’ 

The bleaching acticM of*liypodil<)rous acii* is generally slaved iA bcjlvvice lhal,>.<®lhe chlorine 
it contains, suppo.sing thjt this latter .were to lx:'m a frey str*e, a»may be tpwi* bom the two 
equations: — * • t 

CI.2 -I H .,0 = iHO + 0 : allOl'l ss.allCI + 2 (), 

However, av* seen from the e<juali()n reprcsenlinj; the ni.itiufaetitro <»t blcachmg powdei or 
hypochlorites(c.».,2Ca(OH)..) 4a = Ca(ClO)„ K;aCl.,+2ll,(), 210)11 + 2Cl-= KOCI t I 0 .. 1 +ll., 0 ), 
since two atoms of chhfrine arc retjuired to form one mtjlecuU^ of llOCI (since an ecjuivaleiU of 
HCI is formed at the si^iic tinted, this advaniai^o appeals praeiieally to l»c sdiycwhal illusionary. 

•Manufacture Bleaching Powder. —For thp manufacture'of good quality 
bleaching powtler thealimc nuwt be carefully slaked so as to form a dry powder, 
.containing about 4 per cent, more water th.aii corresjKihds to the formula ('a(OH),. 
Perfect dry lime.docs ifot absorb chlorine at all. The lime should lie as [lure 
as posable, and is passed through a sieve Iteforc usis The chlorine gas should be 
cool and dry, anjl carefully free^ from IK'l; it should not contain much C 0 „. 
Th^ p^sence of a little CO^^iii elcrlrolytic 01 Weldon (hlorinc (wliieli is very 
concentr.ated) docs not matter, becau.se CO„ ac ts on the (Ja(()n), much more 
slow^ than the chlorine, ('.onerally speaking, (>4 parts ol slaked lime yield 
100'[arts of 3b per cent, bleaching powder. 

For the maniiTaeture of bleaching powder two kinds ol technieal chlorine are ^ 
".available I) I'he very eoncentrateii IVeldon or eleelrolytic chlorine, which acts 
rapidly and energetically on the lime. (2) The very dilute Deacon’s chlorine, which 
acts less energetically. Fntirely different pl.uits are used with these two kinds for 
chlorine, and we will descrilie each se|)arately. 4 

I. Manufacture of Bleaching Powder from Concentrated 'Weldon 
or Eleftrolytic Chlorine.- -The lime is spread in 3 or 4 in. la)ers on the floor 
of a la[ge “clflorine chamlicr,'’ some 6 or 7 ft. iu'gli, 10-20 ft. wide, and 100 ft. k^pg. 
The walls arc made out of tarred or asphalted s,fndstonc slabs (asjih.ilblie'ing very 
resistant towards clilorine); in modern piarlice, however, the top rind sides arri* 
made of sheet lead fastened by stj;aps on timber work, like vitriol chambers. The 
cntsance is covered over with rfiplialted iron p'ltes. The layer oflshloiine is raked 
into furrows in ordered expose a larger suifaee, and a stream of chloiiae is led into 
the chamber from one of the ends of the ehambi'r; an opening inalie other end 
of the ch,amber allows the air to escape. Two windows allow the ♦nterior to be 
viewed and the flow of cblonue to be turned off as soon as the chamber,is full. 
The outlet is also closed when the chamber is filled with ehlorine. -.The^i^lorine 
enters through a ])ipc pl»red at one end near the rooi of i]ie chamber* being a 
heavy gas it sinks downwards, and is at lir.st lapidly^atisorbed by the lime; later the 
absorption becomes slow and the temperature rises, bul’gre.at c;#e must*be taken 
that this latter never exceeds 25" C. (Ircat excess of chlorine should also he 
avoided, and so usually a definite amount of linkirine is let into the chamber; the 
chamber is closed and aBi4D.'cd to stand some Iweije to twenty-four hours. In 
order to expose a fresh flirface the lime is turned over from time to lime. Filially, 
before allowing workmen to enter the chamber and remove the bleaching powder, 
file last residues of chlorine must sucked out, either b)» passing in a stream of* 
air, or simply by injecting some finely powdered lime dust (Knglish Patent, 7,199. 
1886; cf. “Twenty-third Report on..Alkali, iTc., Works,’’ 5<!-f)o), which absorbs- 
' most of the chItMne. 

A chamber making 10 tons blc.i?hing powder andA'ont.iining tail fxcess of chkirine res-juire-s 
some 4-5 cwt. of lime dust bl*wn li^through a S|)t.'ial fan or distnliuti#.. This reduces the Cl in 
the chambers to atamt o.S gr. per cubic ifoot^ producing 6 cwi. of ^rr.i Iflcaching powder, and 
requiring about two hours to settle, before ahiowing workmen to entgr. the air of^the chambers 
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(which t,hould be te'.ted hy the works’ che^-iistj shoulcl, not contain more thaa gr/of Cl per 
cubic foot. Bleaching pt)W(ler chambers should have alxiul 200 mj. ft. of chaniljer space'per ton 
of Ideaching i 5 i)wdcr•mule per week (see “Twent\*first Report on Alkali, etc., -JVorks," p. 12, 
for,,rules|. ’ ^ 

The bleaching powder is then packed yilo very yell-mmle wooden casks (but 
of hard wood) for transport and storage. ^ ^ 

The enrls art- coaled wivh plaster of Baris to pieveiit access of air, 'which suon spoils the powder; 
the’full casks hv.is/ he .stored^m a ts )(il, dry place, both rain and stmshine I’ainaging the material. 



'I'he yield of bleaohing powder is usually times the weight of the slaked 
lime. 


^ince the taking ovoi and indeed entry of the chronne‘chambers by worki^^en is very injurious 
for the healti), ahd lias- often been .tuended hy fatal accidents, many devicc.s have been proposed and 
adopted for mimmSing th^ risks. In sfm^^ forms ol apparatn'* tlie lime is laid on perforated shelves 
of tne chlorine chambers, wnd the raking of the halt finished i^leach?hg powder is entirely worked 
from outside hy medianicafi appliances. These j)lanls,ido not .seem, however, to have been very 
successful. w 
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2. 1 M[anuf§cture of Bleaching P9w4er from Dilute Deacon Chlorine. 

— The diluted chlorine evcllved from the Deacon prtieess is not stiitable for making 
a good bleachin|:,powder from the chamber process above dSscrib/d, and so an 
.entirely different s«ift of apparatus is,usually emiiloyed, being known, from'the 
name of its ijiventsr, as “ Haseneleycr’s Cylinder Apparatus” (Kngli.sh Patent, 
17,012, i88i4). It i.f^llustrated in Fig. 25. » • • • 

The apparatu# consists of si> or eight cast-iriPt^ cylinders, lying vt/tiVally one 
above the other, oT length sorrie i2-?o ft., each provided ,i?ith a fcApng worm w, 
which is kepy revi^fing slowly’by means of the cog-wheels I'h’e slaked lime 
IS jioured in at a into the toptijost cylinder, ilnd as gradually moved downwards, 
as indicaCd by the arrows, from cylinder to cylinder until it’fmally ’escapes Vrom 
the bottom cyHindcr at n. Mt-aflwhile the Deacon chlorine, freed as much as 
possible from HCl and (ffC, Is jiassed at c into th6 bottom .cylinder, and streams 
along in a directitm oppiisite to that of the moving slaked’'<me, finally escaping 
at,the topmost cylinder by the pipe n. 'I'he chlorine is all Misorhed by the lime, 
and there essiipes at n a practically chlorine-free gas. The bleaching powder is 
let out from li from time to time.into a wooden cask situated below. Since chlorine 
gas might attack^the inv> work of the spur wheels, the laller are painted with HaSD, 
(Blanc live). Fac.h ol the cylinders is [irovided with a number of lids k,k., which 
can bt> removed when the apparatus becomes blocki-d up, or when some other 
distiirbanee neCLtisitati' the mteiior of the cylinders being investignted 

•lij?lhis apparatus no danger results to the woikmen (as m the chamber pi .. ess), 
Ijecause they do not come into contact eilher with the lime dust or wi'n the 
AWnilie fuinc»!. The resulting bleaching powder contains about t,() per cent, of 
available chlorin*. 

The appni.tills r.Tuiioi l.f iistd foi t!i.‘ in-Kim li"ii of MlmcIimii): 1'"U(1ci fiotii Toncciilratfd 
thloiinc, smti as fn.m iIil Wtld-iii or ckilr-iKiic piutcsscs, Iksmiim tin- inne w-nild lieiil 

up lo(7 fjuu Uly 

Deacon’s Apparatus r-i-nsi^is <7f C iMinburs provided witli lar^t* numhtVs of 
shelves: till- linu-* IS spiuad in i-in. Iv.cr^ on ihnsc shvlvos, ami tlin chlorine 
allo\^‘d lo (in Liiatc over iheiii in slk h a inanrur that ihc ■'tnint^csL (1 <omes into 
contac? \vitli*ncarly fmislicd bleaching powder, and the last gas, eonlaining only 

tnu'e.*?of (.'1, is passf'd inl(> fiesh lime. 

* • 

» 

Manufacture of Pure Calcium Hypochlorite. I’me calcium lupo 
elilorite, Cad'lni,, lias rei eiilly‘lieeii iii.iii'ilactiir.'d liy the (iriesheim-Klektron 
Company ((lerniaii ^’.ileiit, iSS,.:;2.|, of 27th \piil 1 ()o6) by slowly passing chlorine 
gas into a cold apueous milk of lime, filtering ilie lupiid, and evapoi.iting the still 
alkaline lii|Uid m v.ieuuin when colourless crystals ol ('a(CIO). seiurate. These 
are washed and diied /// rsiivw when a dry white powder, free from moisture 
and water ol crystallisation, is ohiaiiicd m which no less than Ko-oo par'i ent. of 
the chlorine present is in the form of available 1 lilorine. It is claimed That this 
kind of bltadiing' powtHa is more stable and keeps hettci' than that obtained I’h' 
usual methods. I'he eiystals, if not rapidly deimvcd of water, laj,e niuel;, chlorine.” 

Accouling to auoiiicr piuciit t.ikcn out hy llie siiint-^uin ((jermau Patent, of loth March 

1907) if llir chlonnntmn he carried out with a omeontratod solution til .slaked lime, so that the 
.sjfccdic gravity of the Jilleied‘dilution exceeds 1.15, (hen we eel (‘renpiialcs trrAloiihle compoimd.s 
of lime and calcium hyji^hloifle, of coinjxisiiiou ('a(()(’a(()lI).^ and <’a{CK)).,.4Ca(Ofl)2. 
These insoluble substances rocpiire a cfuisideiahle vyluiuc nf water to spin them up and w+lhhold 
from effective xue a Cfinsiderahle amount of availahle chlorine, causing much of (he milkiRes.s ^ 
*the ordinary solutions of hleucliinfj. pow'-Jiers. However, if the passa^fe of chlorine into the liquifl 
is conlmueti these compounds are gradually aitai ked, the CafUIlL taking up cldo/ine and being 
converted into ('a(CI0)2. Hence, in order to prepar-i^very strong solutions, \vj must first of #11 
add to .1 chlorinated slaked lime solfllion a weighed quantity of slaked lime, alien a precinitafe 
occurs of the abovt compounds; then chlorine gas is passed m-until the precifdtates arc dissolved 
;igaln by the complete chloririation 7 )f thc^limc. iJy repealing the ajldition'^of lime and leading 
in chlorine again, it is [.K)s.rHfle to obtain calciiun hypochlorite soIu*jons of almost any strength 
until the pure Ca(OCJ).> crystals Begin to separate. The pre.sencc'/ iL'aCJ., solutions fevours the 
crystalli.salion. ‘ “ ' 
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Valuation of bleaching Pow^pr.— For typical analyses of bleachinjppowder 
see p. 43. Bleac!hing powdef is a very unstablfe substance. II is decomposed by 
atmospheric Vioisture, the carbon dioxide of the air acting as a feeble ^id as above 
ind^ated (p. 44). It even decomposes slot^ly when Jtept in a yelf-stoppered bottle. 
The loss of available chlorine on storage in a cool, dark pl^ce (where it is at a' 
minimum) amounts to ^ per cent, lot J per ce'nt. per month, ifn sunlight the loss is 
much mbrf rapid than thi^s, apdi is attended wit^i the evolution, of oxygen. The 
solution is niuch mofe^ unstable than the'dry solid, decomposing on warming 
in two differefit'dircctions, a^repfesented b/ the two equations ^— 

3Cu(aO)a = Ca(CIO,.).i •+ aCaCl: CalCTO). = CaCI.^ + 2O.* 

* , * f * ' ” 

It is, of course, very important to deternjine the amount of “'available” 
chlorine present in a sample of bleaching powder. . 

This is done as follows ;— , 

C * • 

A wei^heil (juaptUy of hlcachtii;; powdoi is (lioroujjhlv ground wnh water and made up to a 
measured volume oy dilution wilh|Water. This solution is tlien tiiralod l>y adding excess of*Ki 
solution. On adding acetic acid, chlorine is liberated from ihe^bleacliing powder, >fhlch sets free its 
equivalent of iodine (('!., I 2lvi-*4fKCI f i..), uhich latter i'j then titrated in tlie usual way with 

' N 

starch and sodium thiosulphate. l,ooo c.c. of ^ sodium thiosiilphali* A<ed up Oirrespond to 35.5 g. 

of availalde chlorine present. , 

Another methf‘d is to titrate llie hleaoliing powder sol^ti'jn willi ilecinorm.d sodiiiiu ar.senite 
solution, the end of the reaction being determine<l hy means of starch, and used an outside 
indicator. When llie litr.ation is complete a drop of the litpiid, removed and placed iQi paper 
iinpregnale<l with siauii and Kf, will no longer gue a blue stain. The amount of soduim'-rsenite 
solution used up is related to the amount of lile.iching powflei by the following e'p^ttion : - 

Ca{Oa}ri I Na.tAs04 = Na.AsOi + CM.. 
r N . 

In other words, 1,000 c.c. <»f - sodium arsenite soluiion used up coyrespond to 33.3 g. of available « 
chlorine. 

In some works, especially in (Tcrmany, Ideaching liiiuids are obtained on the 
sp(>t.‘as required, by passing chlorine gas {evolved from liquid chlorine in steel 
cylinders) directly into milk of lime. Sometimes a soluiion of bleaching powder 
is treated with solutions of sodium, magnesium, or aluminium sulphates, «when 
strong bleaching solutions of sodium hyjmchlorite, magnesium hvp^>(''hl(fl’ite, or 
alu/ij’riliu.'n hypochlorite arc obtai/ied. 'J'hesc soliition.s i)leach in alkaline sdution 
fomewhat iTirtI*e rapidly than bleaching powder (calcium hypochlorite) solution, but 
they cannot be obtained in the solid form (see, hiiwcver, p. 47). 

Use of Ble..ching Powder as a Disinfectant.—A solution of bleacIWng 
powder is a very valualrle disinfectant. One part of blcacliing powder will, in 
three hours, sterilise 2,000 ]tarts of ordinary sewage. 

. J)lcctr()lyse<l brine (^ee p. 54} has liecn n^ed as a disinlecling fliii<i. It is claimed that it is 
cheaper (even if produced by the local auth-uiiv) and more eficotive than.mosi other materials. 

. < 

Electrolytic Bleaching.--When an electric current is passed through a 
solution of confnion .salt without the intervention of a diaphragm, so that the liquids 
around tly; cathrvle and llie adode are free to mix, we do not get chlorine gas 
evolved as such, but rather a solution of sodium hypochlorite is produced by the 
interaction of the nascent chlorine'evolved at the anode and the caustic soda 
produced at the cathode, thns^;— ^ ,• 

. 2N,i()U*1 20 ^jNaO a NaOCl s' llt.J. 

7’his'solution may then be run off immediately and used for bleaching purjioscs. 

*, Within the last twtsity years this method bias largely displaced the use of 
t)jeach ’mg po]^der in certain works, find the process is said to be rajiidly extending. 
The process was firsf brought to a commercially.succes.sful issue by Hermite and 
Kellner, and (»n the Continent the plants most in use are thoSe of Schuckert, ' 
Kellner, and ()ttSl. t * • * • , 

It is usual to electfftKse a lo per cent, neutral salt solution, keeping the liquid 
cool by special .’irrangements. The best^tleiSrodes to use are platinum-iridium 
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' * * . ’ . . 

(since h*ypochlo»it©s attack most oth^r s'Sbstances rasidly), and /or success it is 
essential that the electric current “ density ” should be about i,ooo-j,e<3o amperes 
per square melre ^ectrode sqyface. At first a yield of hypochlorite of'over 90 per 
cent, is obtainable bjTthe electflc curfenhemployed, but this soon sinks (on account 
of the reducing’ actidh of the evolved hydrogen at the cathode) until it becomes 
impossible, witliout the expendituijg of^very large’amounts of Electrical .jintsf^y, to 
obtain solutions cin^aining more tnanw per cent. of'avaiMble chlorine. AVith low 
current densities mucji of *lhe hypochlorite is reduced by the nas^etjs hydrogen 
evolved at the.catho 2 e to chloride, NaClCJi+ afl = NaCl + H.jC), wiihst at the anode 
the NaClOa.tends to oxidise to NaClO, (see p. fb). Much.^ better yields qfe 
obtained when some CaCh, is added to the solution, and when concentrated NaCl 
solutions are used. For example, a’20 jier cent. NaGl solution can yield a liquid 
containing 3 per cent.’available chlorine, with a yield of 50 per cent, of that 
theoretically obtainable from the current employed, whereas" a ^10 per cent. NaCl 
soluSion, with^ the same expenditure of current, will wily give a liqflid containing 
2 per cent, available'chlorine. "However, the conceirtrated N.if 1 solutions use up 



more* NaCl than the giore dilute, and m jirai ice it seems to be more economical 
to employ 10 per cent, solutions rather than iiioie concentrated ones, Moreover, 
careful cooling of the liquid must be resorted to, otherwise a great loss of hypo¬ 
chlorite results owing to its conversion into i hlorate (see p. 36). 

The suliject of Ihc formiilion .mil preservaiion of li)pochloriics in Milnlion \Tts allti^rl by 
Muspratt and Smith in 1S9S and 1899. By iiassing dilorini- inio the vtroripest possible solution 
of NaOH, they obtained neoille^bapcd eiystabsof the forniubt Kat'IO.blbO. They showed that 
in order to olitain a highly concentrated solution of hv|)0( hlority ibe^teinjieratnre nuist not exceed 
27’ C. anti alkali must be always present in excess, and be so eonccntraied thai^tny NaSl formed 
is precipitated (NaCl .and KCl tire very insoluble to consentr.ttetl Na( 7 lt or KOH solutions, see 
p. 24). They showed that solutions containing more than 35 g. av.iilable chlorine per too c.c. 
will not keep. The presence of ixpii salts causes the deconifiosilion of coneentraled hypochlorite 
solutions, attended by the evo|jiti” 4 ! of oxygen and the foriiiatiSh of soluble sodium ferrate; in 
general, other salts liid not cauSe this oxygen solution. , 

Other workers who have investigated tjje subject tfre l•'or5ler and Jorre, I.iingc and Lantiilt 
(SIS /tnmt. Prad. Chtm., 2, 59, 53: 63, 141); and Sunder {.Bull. See. Bui., Mnlhouse, 72, 255b 
who claims that the decomposition of sodhnn hypocliloiile solutions, whien is occasionally met witt 
when a solution of bleaching prjwder is decomposed with .^rditmi carbonate,^is due t-> the presenci 
of sodium liicarbonate as an impurity. 5 per cent, of l.icatbonatc siilficing to completely decomposi 
at solution of NaOCl i .1 the course of twenty-four hours in a planner not yet understood ; in orde 
to obviate this decomposing acUon it is iwces'ary that .sonie/rce NaOlj solution iihpiild be present. 

We will now briefly describe sompof,th 3 more successful apparatus in use fo 
producing electrolytic bleaching liquids, s 
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Kellner’s Frocess. —This is ene oi the oldest and most mioiessful processes 
(see German Patents, 99,8&o, 1894, and 104,442, 1896). T(;e electrodes'consist 
of glass pr rfon-conductir)g plates covered over with wirp, bands ar(Strips of platinum- 
iridium alloy. A non-conducting plate n'. (Fig. 26) of glass or similar maferial 
has it? surface jienetrated by numerous holps, a,a,a,a, through which' fine platinum- 
iridiui'i), wire is draSvn so that the surface of the plate looks as if it were covered 
with- a v’^re. networ|. QlPho*'holes are tipn carefully 4;em|;nted up with non¬ 
conducting taaterial. In soane/orms of thp apparatus' the glass plates are simply 
wound round with platinum wire. 

^ The plates so formed are placed vertically io a stoneware or glass, trough, side 
by side, as shown in Fig. 26, only a narrow space being left between the successive 
plates. These plates,slide ink) vertical grooves in the sides of the trough, so as to 
divide the cell into a number of compartments. 'I'he -Vhole apparatus is filled 
with NaCl solutioif, aiid an electric current is led through the liijuid by means of 
two conductirfg plates 11,11, placed at the e.\treme ends of the apparatus. Fig. 27 
shows a modern form of this electrolytic cell. The. brine enie'fs through two inlets 
a,a placed at the bottom of the vessel, and flows up between the wire-covered 



platec (1,0,0, which form the electrodes, escaping through the slits s,s in the w-alls 
of till? Hough. E,i', are the two'terminal eleclrodic plates where the current enters 
■ and leaves the a])paratus. The brine flowing up from vhe bottom of the cell from 
a,a between the wire-cov-..red plates <;,0,0,0 is subjected to the action of an electric 
current''flowing' between each pair of plates, and thus a considerable amount of 
hypochlorite is produced. The iJline used is usually 10 percent. NaCl solution, 
and the droji in the voltage between each two successive plates of the apparatus 
is usually some 5-6 volts: in the ajiparatus just intis',pted (in which there are 
twi>nty cells) the potential differentte between the end electrodes e,k is usually 
about no volts, with a current of 120 amperes. One of the intermediate wkc- 
covered plates of the apparatus reiiuires some 150 m. of platinum-iridium wire of 
t o.I mm. ditmeter*,or 75 m. on each side of the plate. 

It €.-111 be shown dial this use ,,f iliin ,virc grves an extr.tordinary liigli current den.sity. if. 

we assume that (^nly h.ilf Ihe surf.ice'of the wire is clfectiYC (viz., dial facing the opposite electrode 
of a cell), and neglecting lhe‘parts of wire in the grooves and othcY non-effective p.arts of the plates, 
we will .see that die oil'ctive surface cariyng the current of 126 amperes is only 0.1177 ni., 
giving a density oT 10,,2&) .impeies tier square Ihetre. This high current density is an e.s.sential 
^condition fqr success in producing hyirochUnites.; 
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into the bottom of*the electro'fyser e, whe/e it rises up,between the wire-covered 
plates; and, ^fter being subjected to the action of the electric current, flows 
out cf the apparatus through the slits s in tlje sides, Jhe liquit^/allirig'back again 
into the tank p. 'J'he circulation of brine th'fbugh the electrolyser e is maintained 
until th^ proper pe|;centage of active chloiine is attained,,when ll^e tap c is 
turned so''as to cut off t and tljp electrolyse: e, "t the same timf opening com¬ 
munication between tbs pipes D,T) and Ik ^I’lie pump ^ then ^forces the active 



T.ungitiuliiia] Stiiic-n. 

I k;. 30.—Haas and ( Mlcrv (VII for IClectrohtic Tileaclnng. 


brine out of the tank p, up through ji into the storage tank /, wlierc it i run 
,off, as required, for bleaching pur])oses. 

A consi(lcral>le numlicr of firms in tlie- papt r tiade and textile industry use this plant, especially 
in (Germany. 

Ijlaas and ottel’s apparatus (see the German Patents, 101,296, of 17th May 
1896, and rr4,739, of S^d I'ebruary 1900) consists of two earthenware vessels, one 
a large one and the other a smaller one a,a, jilaced within the large vessel just 
below the level of the brine whiih fills the large vessel. The smaller interio.r Vessel 
a,a fia 9 ~i«qumber of wire electrodes, as in the previous system, stretched over a 
number of vertical plates. e,e,e show these electrodes, which arc separated from 
the ba.se of the vessel and the ttjp by non-conducting sujtports, /,/. CjC, are 



the two termjpal electrodes through which the current flows. Between each com- 
'partment of the intefior vessel a,a i^ a small hole /, which maintains communication 
between the Ijrine in the outer vessel v,v and that in the interior vessel. The action 
is as follows«The current, entering at c, and emerging at e.^, flows through the 
successive electrolytic, compartments of the interior vessel, and the brine is 
electrolysed. Partly otving to the rise of temperature produced by the passage of 
the electric current through the liquid, and partly owing to the rise of hydrogen 
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bubljles, the T)rlrie inside the successive compartments of the .interior.vessel becomes 
yjecifically li^htef than the brine in the exterior vessel, and rises up’to the surface 
between the wal^, of th^ Qpftipartnt^ts of the interior vessel. Thus a current is 
produced, qqld bripe from outside entering the holes /,/at the bottom of the interior 
vessel, risirjg up between the electrolytic plates of the interior vessel, aniescaping 
at the surface), thus all the Iftine^ln the exterwr vessel in time .streams through 





* JaMisi'aitliii.nl Sccijoii 

32.— Sch(>o|)\ Eleotiolyst. r. 

tbsi^^iterior fessel and is electrolysed. 'I'hc cooling coil k keeps the brine in the 
exterior vessel at cool as po!,,sible. 

Fig. 31 shows Schuckert's apparatus, as used by the Sieniens-Schuckeit 
Werke. 7 his is also stated to be very successful in practice. I'he two stoneware 
troughs z, and 7 . each contain nine cells, each with an electrode of platinum wire 
(+ pole) and a graphite ( - ) electrode. The current passes in at 11 and domes 
out at the terniinaf t, the tension between n and K being about no volts, which. 
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]''lc. 33.—Srhoop'.. Electrolyser. 


•• 

distributed over the eighteen ceils, gives a voltage through each cell of 6 volts. 
A 10 per cent. hfaCl solution flows in at a, and passes in a continuafl stream right 
through the cell, emerging^again’at o', where it passes away.« It isTfound advisable 
to add a little CaClj solution agd sooie spdiam rosinate to th^Hquid. After passing 
out from z, the liquid, before entering* the second trough ^5, flows through an 
intermediate trough k, where it is tkorou^ily cooled, by the epofmg coils lepresented 
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as dipping into the various coi^ipartments of k. The liquid emerging at d finally 
contains somefiz per cent, of active chlorine, and for use the liquid is diluted with 
watee until it contains sorn*e 0.2-0.5 per cenf* active phlorine. apparatus is 
described in the German Patent, 141,724 (1902). 

Schoop’G Apparatus, as described in tiv: German Patents, 118,450, of 1899, 
and 121,525, of iqoojccleotrolyses a stream'.bf brine gradoially flowing down a 
number ot n^Vrow channels, fne Walls, of wh ch contain the electrodes, formed 
of fine foil projecting into each c|iamber (sec Figs. 32, 33). The Jjrocess is success- 
fuilyworkcd in severa'. works in (jcrmany. ^ , 

Other processes, all of which h:i\e been practically voiked uilh more nr less succe.ss, are 
described in the (Jerman Patents:— 

K. Kellner, I). K. I‘.,,p65.486, of 6ih November K)02; W. Koll.er, L).R.J\, 180,562, of 
15th August lt)o5; A. \ogelsang, D.K.l’., 205,110, of <)th March i9o6;''G. Thiele, D.R.R, 
205,087, of nth jiMy 1906 (who ad(K to the N.iCl solution some (.'aCl^ niid an organic sulphur 
compound (not aromatic) of high mq'ecular w<.-ighl, iheteby obtaining linuid will over 5 per 
cent, active chlorine in It). ^ 

Solid Sodium Hypochlorite, containing 60 per rent, available Cl, and melting at 43® C., 
has f)een prepared (sec Muspratt. /r//;//. .See. Chini. Ind.^ P- 5 ‘A' 8ee also p. 49). 

Hypochlorites &s Disinfectants. —Like ble.Khing pnwdcr (p. 4S) hvj ochlorites can he 
u.sed for disinfecting purposes, a solution coiil.nniiig 10 ])ei cent, of available chlorine being 
twenty-live limes as effectiw .ts jibenol. 

Recently Dr Dukni and Dr ('and liavi. used b\po( hloiits'' wiiii sucia-ss 111 treating W(junds. 
A solution of sodium hypocbloMle, <Mrefiill_\ ih'U uiliNed wilh bone acid to renioxe alkalnVuy.'..nd 
reduce the irritant action tti the cjriginal solulum, v{ i\ r.ipidU dissolvt's uw.ix neciotic tissues and 
sterilises even veiy badly iiifeded uoiinils. 'J'liis cheap an<l p(*\\erful dismfectaM is verv e.j,sdv 
prepared. * ' 
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Manufactiye of Hydrochloric Acid. —Hydrtx-hlorii: .u-id is usualiy manu- 
ftl'ctwcd by heating two molecular pioportions of salt with one molecular proportion 
of concentrated sulphuric acid. Usually about half a ton of salt is placed in a iarg? 
» semispherical pan set in brickwork and healed by direct firing. An equal weight of 
concentrated sulphuric acid (1.7 sp. gr.) is added from a leaden cistern, when the 
following action takes plat'e :— 


Nj('] h H.SU, - N’allSO, ^ lU'l. 

• 

AbouJ 70 per cent, of the hydrocrhloric acid esi api-s tlirongh a flue in the dome 
of bfiskwoi^ which covers the pan, and is condensed hy water as is described below. 
The ^sed mass is finally raked into another paTt of the furnace, and is there heated 
to redness, when the actioit is carried to completeness, thus:— 


X.iH.SO, + X.ii’l N.oSO, I IICI 

^ • 

, The hydrochloric acid escapes tlirou.,ii a separate flue. 'Tins is known as 
the Salt Cake Process, and details of the furnaces, etc., arc given fully in 
Martin's ‘‘Industrial Chemistry,” \'ol. 11 . . 

The main product is sodium sulphate, the hydrochloric acid being more i^ess 
a by-product. , , ^' 

The second process of manufacturing hydnochloric acid is known "as Har- 
greave’s Process, and»consist.s m passing a misture of sulphur dio.vide, air, ailtl 
steam over salt healed to dull redness, when the foyowing action t^es place:— 

aNaCI -I S(.L + O + ILO = NaiO, r If Cl. 

The process is fully described under “ .Sodium Sulphate ” in “ Industrial 
Chemistry,” Vol. II. * 

The hydrochloric aciogas evolved in thejnanufaeture of sodium sulphate, (Sther 
by the salt cake process or the Hargreave’s process, is always absorbed by bein^ 
♦ed into water. 

At one time the acid fumes from the salt cake iurnai^.s were allowed tft escape into the air. In 
spite of enormous chimneys reaching to the height of 450 ft. and more, the neighbourhood of the salt 
cake factories was stirrounded hy dense clouds of .smoke. *i'he acid vapours in fhe air killed the 
vegetation for mile.s around the factoRe.s, and brought gfcat distrei s to lirmers.* Consequently, in 
1863 the Alkali Act was passes! which makes it cu(npuI,sory for 95 pei^ttent.^uf the escaping acid 
gases to be condensed. The exit gkSes shoftld imt contain more than o.t ^ram HCl per cubic foot, 
and the total amount of acid gases escaping mi|it be less tlian is equivalent to 4 graps of SOj per 
cubic foot.’ w 
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This at first caused great expense to the tactories, as at thdt time HCl was an almost worthfess 
by-product; but sotji the rise'm value of HCl for the manufacture of cBlorine and Weaching powder 
made tl^ forcible condensation proaessan actual source of gain, and at the present ti^e itjs common 
for 99.27 per cent, of the HCl to be condensed. - * ■* ’ 

Fig. 34,' shows a tyfjical plant attached to salt cake furnaces, giving rf,8oo kg. of 
sodium sulffiiate per twenty-four h<i',ir.s. The H£il gjs escapes from ^he salt cake 
furnaces a, Aj by*means Of tlvo^separate pipes.* One pipe^n, made out of acid- 


HiO 


hu:. 35. "-Hydrocfiloric Atul Keceiteis. 



proof «arthenwarc, leads the concentrated and fairly cool HCl gas out of the “pan ” 
in a; while the other pipe b, leads the hot dilute HCl gas out of the muffle or 
roasting part of the furnace. This HCl gas is dilute and very hot, and so the first 
part of the pipe ti, is made of tarred sandstone. The gases pass into two sandsi-me 
towers c, c, where they receive a preliminary cooling, and are to a great extent freed 
ifom dust and sulphuric acid. They then pass through a series of .some 50 to 60 
acid “receivers." 'I'hese are. simply large “ Woulff’s bottles," made of acid-jtroof 


He! C Hci\d 



Fici. 36.—(Jcllaiius Receiver''. 


jtoneware, abput 32-37^ in. high,,connected together by wide fl-shaped pipes,” 
and arranged as sho^n in two parSllel rows. I'ljey are laid down so that a gentle 
inclination on, slope towards the, furnaces exists, so that a stream <jf water can flow 
through the series in*a directioti *pposite to thafc of the gases coming from the 
furnace. The holes,4)r the water are,well seen in Fiji 35. This water absorbs 
most of the HCl, and run off into the sidt rdteiverS-c,, g. 

In Germany the mi^re efficient Cellarius receivers ha\| come into use of late years. 
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Fig. 36 shows ^ typical Ceilanus receiver. 'The ffus enteis’at c ami escapes al D, while the 
absorbing water enters by the pipe jr, flows over the “saddle” and escafies by the iiipe 6 . Thus 
a much larger abs^rmiofl surface is presented to the entering gas. and the Iklter is mVe thoroughly 
mixed with the Water a!Vi cooled.t ^he wholc^yesse! is unmersed irt tanks filled with.cold water 
•which thus greatly increases the efficiency of the absorption and the strength of acid produced. * 

I he gases finally escaping froqp thf^ terminal receivers now jfti&s into ^bscy^tion 
towers K, Kj, where the)? gieet a stream^jf descendiiif wat^r which rernoves fhe last • 
traces of acid from iltp gas.* 

An absorji^on tower of improved copstruction is shown iti Fig. 34. Ir /i>nsisij> of a series of 
rings of h.u^ earthenware, about i in. m diarneler, set *>ne on ilie nuher so as to forn»a* 
tower some 15*3^ ib' high. The upper part of the tower is filled with and the lower part 
with stoneware plates or bricks, I'rorn the watet tank h a siream of water is sfinnUled li\ means 
of a rotating “ spargei *' o\or»lhe coke and flows in a steady 
stream dow’ii the tow’ur.fescajinig at the bottom into the sume 
ware receivers desc'ril'cd above. 

The gas from tlJe*re('eiver.‘i enters at j (Fig. 34)* 

^at the bottom of the tower, and escapes at k into 
a long earthenware tiil)e*M', which leads the now 
acid free gas awa)| to the < hiinncy. .At b samples of 
the acad can be withdrawn and tested. 

4 

Irr Kn^laiul in many works it is tlu- c^l^l^3n^ i<> p.iss tin. 
ga.scs evolved from the cake fiiinacts directly inl<» the 
absorption t<)wers,without the introduciion «>| the el.iburale 
sy>tv*tn %f (.ool ing and .ibsorjilion xi'ssils described al><>\c. 

These contTensiflP^iifteis me some .20-30 m. high, and ari‘ 
filled with coke or bucks down whioli a stream (d uat«i 
trickles as pre\iouslv di\soiibed. The\ .ire iisimlb binli nf 
sandst'ine plates |ne\iously boiled in t ir 01 asphalt, m.iile nii 
and water tiglit with a lute m.ide of lai .uid cl.iy. and >ecureh 
bolte<) together by means of ii 1.1 clamps and bars. Tbe .utuuniis 
.icid thus obtained is not (pule so soung as that obtained wnh 
the more elaboiate loiuien^iiig s\steni, bK'aiUse ibe gases entei 
the to\\jpr whfli- still fioi. ‘I he acid. too. is nioie impare, 
f»eing coTtlanim^led with organic mattci. sulpliui diovid-', 
sulphuric acid, chlorine, chlorides of loai and nisenu ,ibe 
latter substances sonulimis ]Hi4)g present in consuleialile 
(piantities, being derived fioni the p\ riles used in making the 
sulphuric acid used Wtilim nct-ni \eais, .a .d-iesistmg 
materials such as silicon irrui .dlo\s pantnon, iror'.i--, duriron, 
etc. )• fused silic.r, ai ul-pr<nj^f earilienware, etc.. ha\e bet’MdeU 
introduced in const riu tion.il details of acid plant. 

'I'he main prolileni now l>cl()re hydioc hloric acid facK'ries is not,so much the 
condensation of all the IfCl fumes, [)ut how to condense them m such a mantft.' 
a.s to yield only Strong acid (die only sort saleable), and by th^ metho^liri^t 
described the condensation is now so pcrl'cci th<l it is possil)le to recover*kome 
99.27 j)er cent, of the evcTlvcd IICI, mostly in the form of s*trong acid of 21"’ 

The strength of the produced aqueous acid depends^ upofi the concentration of the 

gas and the temperature at which it enters the absorbing water. * 

« 

For example, a 100 per leni. b\ volume IK'I gas al o' C. gi'c-, an aipicous acid containing 
45.2 per cent, liy weight IICl : wfiile a 5 per (tiu. IK ■’1 gas iig( Icr thc^same conditions will only 
yield an aqueous acid containing 36 per cent, hy weight HCI (22^ Ue.). and a lO per ceni. IlC'l gas 
(by volume) wall only yield a 39 per cent, by w'eight ly;.'! solution (24“ Ht.). 

As the tcmjier.ilure of the cnteriiig gases increases, so also the strength of the obtainab!e*acid 
5 ecrea.ses. a 5 per cent, by vrilume 1 It'l gas at 20'’ ('. will only yield^n aqueous aciil containing* 

33 per cent. IK'I by weight (2o‘ Be.). * 

The conditions affecting tlie conden^tion of IlCl hate been described|ii leiiffth by F. IJurter* 
(/. Sac . Chew . /;/r/. *1885, 639; 1887, 707; 1893. 220) and the rc.ider shofbi consult these papers 
for further inf(*rmalion (sec also Lascjje, /. ain'cw. CJum. ^1894), 6. 610; same journal, 

515). 

The problem of the comiJlete efindensation of the IKiT^ast^ evolved in the 
manufacture of salt rake is first of all *:omplicated by Uic fact th.at these gases 
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contain very variable amounts of HCl. E.g., tbe HQ gases froth "tlafgreave’s and 
the.“open foaster ”• furnaces may contain much less than lo -per cent, by volume 
of HCl.. Secondly, the cooling down of^e gases , daring th«:c6nS‘ensing process 
is"^ rendered difficult by the fact that when the gas dissolves in water jt evolves much 
heat,, ^ that as the cold absorption water is forced against the current of hot gases 
it rapiQy becomes heated, and so does not dissoj /e the mammunr amount possible 
of HCl. However, the i,ntroduction of modern pumps made of stoneware, ebonite, 
or acid-resisting iron now 'enables the nariufactufers to pump the liquid in a 
continual stream^ through the condensing'system, and so they can ultimately obtain 
' an acid of 20° Be. eren out of v.eak HCl gases, such as are evolved front Hargreave’s 
process. The intrbduction of these acid pumps betokens a great advance on the 
old system of manufacture. 

* 

The acid is best e.cvated by acid pumps or elevators as described in’Martin’s “Industrial 
Chemistry,” Vok II., under Sulphuric Acid. 

The acid is also elevaleil sometimes in “emulsators,” where it is blown mixed with compressed 
air in the form of a froth from one Vessel to another. Tlie oiJ acid “ egfj'* (Fig. .^7) still maintains 
its posititin as a simple acid elevator but is very wasteful compared with “ elevators” and acid pumps, 
Compressed air forced in at c forces the acid conlained in.the vessel up the tube ab. 

These “egjjs” arc sometimes made of stnuig ihick-walled sloncwaie, which, however, is 
liable to fracture undci a sudden accidental blow. , 

Casing iron with elionite is efticient hut very costly. Lately there have been placed on the 
market non-corroding iron alloys such as “lantiron,” “ ironac, ’ etc., often made of iron mixed 
with silicon and other components—which arc staled to be extremely efficient, as regards thefr non- 
corrodibility and their .strength. l*oi IK'l.aq., however, it is always bc!>i to use proper acid pumps 
for elevating. ’ ^ « 

Transport and Storage.— 'rhe acid is usually transported in large glass 
“carboys” or in stoncw'are vessels .some m. high. Occasionally ebonitd- 
lined iron vessels or vessels made of guttapercha have been used. HCl is now 
being transported in railway lank waggons lined with specially prepared waxed 
WOQd. 

One of the great difficulties of the industry has been the e\[)ense fd’ the ve.ssdi necessary for 
storing large quantities of IICl foi any length of lime, all the more so as more hydrochloric acid 
is made lhan is requiied in industry and si> the price is lo\\. The cause of thi^^ is the fact that 
there is a great demand for soilium sul| hate, and the acconq>anying HCl simultaneously* pnxluced 
more than suffices foi the demand for the acid. 

Where hydiochloric acid is rcfjuired in places remote from alkali works, it is usu.illy mantifaclurcd 
by the action of sulphuric acid upon salt in special cast-iron cylinders fitte<l w'lth sandst<ine doors. This 
acid is condensed a^ already described. It is u.sua!ly uB.eh purci than the acid from alkali yorks 
and is known in the liadc as cylinder acid in contradistinction to “l6wcr''acid which contains 
more sulphuric acid. 

Good commeicial cylinder acid shouhl not contain more than 0.5 per cent, of H^SO^. 

^Purification of the Acid.—The purification of the acid from the various 
imirbi^tias which it contains {eg., arsenic, sulphuric acid, SO._„ iron chloride, etc.) 

is u.sually carried out.in special factories. , 

«' 

Arsctnic it detected by mfcans of Marsh’s test or by adding stannous chloride, 
which produces a dark precipitate pf arsenic. Arsenic may be removed by adding 
stannous chloride, settling the precipitate, and redistilling the liquid. Arsenic-free 
HCl is best obtained by eipploying arsenic-free mat^als to start with, but it is 
often removed technically in great parts by washing the acid with tar oils. Sutphuric 
acid is detected by adding BaCl^ soliftion to the dilute acid, when a white precipitate 
*of BaSO, is produced if it is present. Sulphuric acid is largely eliminated durirl^ 
the process of condensation, but may be completely removed by adding the proper 
‘amount of BaCl.j ai^d distilling. * 

Sulphut .dluxvde, SOj, is detected by addiftg zinc to the diluted acid, when 
sulphuretted hydrogen, HjS, is given of and is detectecKiy its blackening effect on 
lead acetate pap^r. ‘Pree iodine is found by adding K1 and starch solution to the 
diluted acid, when a blub colour is produite'd. 
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The complete purificauon ot tnc acid tron*^ these impurities is k matter of great 
difficulty, and where,pure ac®«is essential it is easiest.to start.witl^pure sulphuric 
acid and pure-fellf a^d thus gxclude the^foreign impurities.* When chemic.ally pure 
HCl is required it is usually distilled in platinum-stills. ’ ^ 

*' • • 

Technical Uses^of H^rdrocbloric Acid.rln Englancf tht* main use iT concentrated'itfydro- 
chloric acid is for making ch^)rine for thernanitTicture of bleach^g jK)\vdcr, chlorates, etc. The acid 
sold is usually 20''-22° a«i(k weaker tliai?lhis scan'ely jetijng% mMct. I./ Germany and 
also in Great Britain laiyo*quaniities 'f>f concAtimted h)^lr<^chioric acid are abs the colour 

industry, nietallargical industries, and for very many minor industrial purptKeV. For example, 
dilute IIC! is^irgcly used for purifying etike, iron ores, clay** for regenerating exliausieil animal ^ 
charcoal, for preparing CO.^ in the aerated water industry, for “pickling” sheet iron in the 
galvanising industry, so as to remove rust and leave a clean surface for the zinc to adhere to. Also 
for the manufacture of certain chlorides, in making pottery, and in niimerou'. other things as well. 
One curious application may ^e mentioned, viz. : the making of freezing mixtures of concentrated 
HCl and snow, or sodfhfti sul[)hatc. • ' 

The acid is also used in analytical chemistry as a solvent, and ftir titrating pulposes. “Aqua 
regia^ —a mixtfire of Ht^l nncl UNO;, -is also made for dissolving gold and making gold chloride, 
which finds considenable use in photo^phy. 

• ^ • 

Properties of Aqueous HCl.— The pure concentrated aijueous acid is a 
colourl/sss liquid Aming strong!)^ in air. One volume of water at o” absorb.s 503 
volumes of HC'I j^s. The following table due to Roscoe and Dittmar (Journ 
Chem^tSac., i860, 128) gives the weight of gas absorbed by i g. of watc at 
different temperatures %— 



H( 1 

, 

Oiams HCl 


drams HCl 

lur^. 

nltvorlictl Itv 
> HoO' 

1 jcinjKra- 
iitre. 

.\\>S,n\KKl liy 

1 g. H^ 4 ). 

Ifinpera- 
ture. 

Absorbed by 

1 K. HoO. 

o'" 

o.S>5 

1 - 4 ' • 

• 0.700 

! 44" - 

- 0.618 

4 ^ • 

- 0.804 

1 2S . 

- O.6S2 

1 4 S“ ■ 

■ 0.603 

<s'- - 

• o.7S^ 

1 3 -" ■ 

0.665 

! 52^ - 

0.589 

12'' 

■ 0.7't2 

1 

■ 0.649 


- 0.575 


& 74 ^ 

40^ 

oAU 

Go'' 

- 0.561 

20 ' 

0.721 






When HC^dissolves in water, 17,314 talorie.s are evolved per gram-molecule of 
HCl diSolved. The comjro.sition of the aqueous acid changes when boiled, 
according to the temperature and pressure employed; but corresponding to a 
definite pressure a constant boiling mi.xture of HCl and water is obtained. The 
aqueous acid which boils unchangtid at no C, at 760 mm. coWains 20.24 I’^r 
cent. HCl (Roscoe anfl Dittmar, lot. a/.). A r.eaker solution when evaporated at 
ordinary pressures concentrates to this strength. .\ stronger acid loses HCl and 
also attains this strength when evaporated. 

The following table gives the specific gravity of solutions of aqueous hyd,j- 
chloric acids of given strengths, as given by Lunge and Marchlewsk’i(if«'/. am^iw. 
Chem., 1891, ■33)- 
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Spfxikic Gravity of Pure i/vorochlor'ic Amd Solutioi^s at 15" C. 
(Reduced ijj Vacuo), after Lunge and MARCHUTWiKi 

*» ■ I • 
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Small quantities df bromine occur in many silver ores, but much greater quantities 
occur .associated Mth potassiuqj, magnesium, calcium, sodium, etc., in various 
mineral waters, springs, and in sea water. The waters of the Atlantic Ocean contain 
0.007, cent. Br, while in the Dead Sea 0.42 g. Br per litre is pre-ent. 
However, the largest purees (and practically the only technical sources) an- the 
salipf deposits oi Stassfurt, which contain about 1 per cent, of magnesium biomide, 
and the%iMiMi^Hiings in Ohio, which contain from 3.4-3.9 per cent, of magnesium 
bromide. 

Manufacture. —'I'hc bulk of the bromine jilaced on the market is made at 
Stassfurt from the mother li<|uor remaining after the separation of the potas.sium 
salts contained in the .salt deposits (see Martin’s “ Industrial Chemistry,” Vol. IJ.). 
The residual mothcr'liquor contains about 0.25 per cent, of bromine in the form 
of magqpsiuffi bromide, MgEr,, from which the bromine is liberated by treating 
with chlorine A- 

* M^Hrj I- Clj = Mk(.-|.. ' Hr., 

The apparatus now employed at the I.eopoldshall Chemical Works (Cermaii 
Patent, 19,780, of i88») is shown 1I1 Fig. 38 The bromide rich*meiner liquors 
pour through the pipe a (which has a water seal at m), through a sandstone drum 
b over a perforated plate c, whereby it is uniformly distributed over the whole area 
of a tower a filled with gla.ss or earthenware I rails, which expose a large’ surface art;a> 
to the percolating liquids. y 

A stream of chlorine gas, issuing from the styi n (in modern \Airks 4 he*»still 
is replaced by a cylinder of»liquid chlorine, which affords better control of the Cl), 
pours through the chamber b up the tube d (which is sufficiently wide to allow’ 
of the simultaneous passage of the chlorine gas to the tower a, and the^aste liquors 
from A to the chamber b) into a, where it meets with the descending stream of 
bromide-rich liquors. Bromine vapour is set free, which, ascending, escapes by the 
tube o through the condenser e, and collects as a liqifbr in the bottles f, the last 
traces of bromine and chlorine being removed by the vessel g, which contains iron 
fijjngs kept moist by a stream of water. • 

In order to free the waste liquor flowing away from a completely from all traces 
of bromine and fluorine, it is allowed to flow i^rto the chamW u. ^In order to 
escape from b the^ liquor must flow over sandstone shelves in tWe direction of the 
arrows, and while so doing is su^ected to a current of high-pi/^ure^team blown 
into the apparatus through the pipe c. The chlorine and brtmme*.tre completely 
driven out of the liquid, elbapipg with tl^e excess of steam u^.the,pipe d into the 
tower A. The chlorine and bromine free liquid flows away ^y the pipe i. 
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An improvement on this apparatus Kas been pateilted by WUnsche aiTd#^auerbrey (German 
Patent, I 58 , 7 I 5 )» apparatus consisting of cast-iron elements, of hcicagonal section, lined with 
stoneware pl&tcs and provided with several thousands of specially designed cof\tactfb()dies resting on 
gratings, the apparatus so arranged tliat a ppfiect count© -eurrent is attained? This apparatus 
requires 0.6 kg. of Cl for every i kg. of Br made. Only 3-5 kg. of Br in the forjn of iron bromide 
are necessary for removing the Cl from 100 kg. of tbe crude Br produced.'"' 

r «■ . , ' ^ f- 

Kvbifcrschky (German Patent, 194,567)^ has-'designed a very efficient plant of 
a somewhat HifferenV tyjfe (yee'fig. ,59). V his consists'of a tower lined with stone¬ 
ware and divided into several superim[)ostd compartments, which are provided with 
perforated plaie\ The divisions between the compartments are watet. sealed, so 
»hat liquids can paSs, hut not gas. The mother 'iciuor, which has been previously 
heated, enters the tower at the top at a, and, in its descent, is met by the chlorine. 



c 


, Fio. 38.—liromine riant of the Leopold (diemtcal Works. 

which is introduced into the lower end c and passes upwards through the tubes, 
which are so arranged that the gas enters each compartment at the upper end, then 
descends, together wkh the jiot mother liquor, and ei.ters the vapour pipe leading 
into the next higher compartment, and so forth. Steam is introduced into the 
lower compartment, and follows the |Sanie course as the chlorine. By this arrange- 
( ment undercurrents, which arc certain to be formed when a direct upward current 
is used, arc avoided' The bromjne leaves the tower at n, and is condensed in an 
earthenware'coil. I'ft is then purified in the refining tower, in which it flows down¬ 
wards into a vessi' containing boiling bromine. Most of the chlorine is driven 
off through tVf.'* 'X; and the 'purified bromine is syphoned off. 

In snme AnieficannH-iirks the mother IiV(UOi;s, after the; extraction of .‘.oitium chloride, are 
concentrated and distilled with sulphuric acid j_nd potassium chlorate in .stoneware retorts. The 
liberated bromine is conden-ied in lead condenseiv, and p’trified by redistillation. 
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Manufactui'e by Ele^trolJ^it Process. —In this proce’ss mother liquors 
are electroly^d in open vessels, using carbon electrodes. The magnesium brqmide 
MgBrj, is decompbsed bjfc the electli^ current before the magnesiun^ chloride. 
The bromine, is thus separated. ■ • 

Processes have* beer* devised by DoWjiPeinsel, Ilopfliei, Wiinsclic, l^ahnsen, KossjuJi, and 
others. Most employ diaphragms to ^'ect^thc separation, %ith the exception of The 

liberated bromjne remains flrtsolvetl in the^ujuid, ^and^^iu^ b^ separated lif distillatwn and 
purified. 

• 

Purific&ion. —The crude bromine tthus obtained is ;^ay'‘ purified ^y fedistillation, small 
quantities m chlorine present being re^jnived liy the addilum of ferrous brdhiine or calcium brtimiiJc# 
when the chlorine displaces the bromine fyim combination, .setting the lattt^ free. 

Sometimes the liquid is nurified without cliemicals by fractuinal distillation (sec (lennan Patents, 
174,848 and 205,448), th^ihoie voi.uile portions (1-4 pei cent, of dislillaUd which contain any 


iA 



—Rubierschky’.s Plant for I^omine Manufacture. ‘ 


C[ or chlorine bromide being collected .sejumtely. If anh)»lrous* Br is needed i-> distilled over 
concentrated IfjSOq. If I is pre.sont this is remove<l by treating with a Ca salf?(a,L being 
precipitated. • 

In the preparation excess of chlorine should be avoided, otherwise much cbloiine bromide is 
formed. * 

Properties of Bromine.— A heavy, m^obilc, dark red li<iuid of .sp. gr. .y»i883 
•at o" C. It freezes to a brown crystalline mass at —^°C. Roils at 51/C. Tl||; 
liquid has a disagreeable smell, attacking tliq eyes and mucous membrane 
of throat and nose. It is poisonous, jiroducmg painful som on ihe skin, whicli^ 
are difficult to heal. j 

100 g. of water dissolve 413 g. Br at 0° C.,»and 3.2 C., but it is 

much, more soluble in 0|g4nic liquids such as e’ther, carbon 4is>i>Ipmde, chloroform, 
acetic acid, etc. It resembles chlorine in* properties, but<if not.so energetic, and 
is displaced from itj compounds hj chlcj-inc. 
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Uses. —Bromine is used fairly largely in' the colour industry and other 
branches of. synthetical organic chemistry, also in-metallurgy/photography, and 
especially jn the manufacture of medicin^ evhere brpmides add btlicr derivatives 
of bromine ate of considerable value. It is used as a mild oxidising agent and also ' 
as a disinfectant, it being for tfie latter fJurpose absorbed tn kieselguhr (which 
takes*dp jrs per cfent. of its t^eight of Br),*and/sold as “llromur/n solidification" 
(German Patent, 21,^44)^ 

Bromide ."f Ir<», KejBrg, is made at btasslurf, .saving as a raw mater&l for tjie manufacture 
of sodium or potalsiup bromide. Stwel wire and turnings,are treated in a closed stoneCrough with 

vapour and steam at r temperaturS of 170° C. When the temperature falls to 100' the brown- 
red solution of FegBrg it run oil into transport Irarrels, where ^it is allowed to crystallise. 

Bromine Salt, NaBrOa-taNaBr, is made by saturatfhg concentrated NaOH with Br, draining 
off the mother liquor from the resulting solid salt, and adding NaBrO,, (elefclrolytically prepared) until 
the above composition iSf^Ujtined. The mixture is then ground and packed fnrkegs. It is used in 
the extraction of gold ores. 

» • , * 

Potassium Bromide, KBr, is made (i) by running a cdiicentrated solution 
of iron bromide (Fe^Brj, see’above) into a hot concentrated solution of K0CO3,, 
until the resulting liquid is almost neutral, or at most, faintly alkaline, ido parts of 
iron bromide require 56-60 parts of potassium carbonate. lion hydroxide is 
precipitated and Kllr goes into solution. 'I’he liquid is boiled, filtered from 
the precipitated iron hydroxides, evaporated to dryness, lixiviated with sufficient 
water to take up the soluble KBr and leave undissolved the difficultly .soluble 
K2SO4; concentrated to 1.53 sp. gr. at a boiling heat, then'allowed to evaporate 
at a very gentle heat, when hard crystals of KBr separate. jilgj,gt;KSt*.ls are 
washed and dried at 4o'-5o° C. (not above). Any chloride in the bromide cannot 
be easily removed, hence the necessity of employing chlorine-free bromine. ' 

Formerly KBr was made by saturating KOH with Br, evaporating with a little 
charcoal to destroy any KBrOj formed (6Br-l-6KOH = 5KBr-l-KBrOj-f 3H.,0), 
then lixiviating with water and separating the KBr by crystallisation. 

About 120 tons of KBr are made annually in Germany, and the same amount 
in U.S.A. 

Properties.— White cubes, 100 parts H^O, dissolve 62 parts Kilr at, 15° C. 
M.P. 750° C. Volatilises at higher temperatures. 

Uses.— In photography and in medicine. 

Statistics. —Broirine wax first manufactured at Stassf rt in 1865. The fijllowing figures show 
the output:—1865, i| t(»ns; 1885, 260 tons. 

Considerable quantities are also manufactured in America from the bromine-rich springs in Ohio 
and elsewhere1885, 120 tons; 1902, 230 tons. 
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THE lODIJME Il/oUS-fRY 


ETl'ERATURE 


(iKOFFRF.Y Ma»tin and Eknf.m D.wcAstKK,—“The Halogen-^/'foiming Vol. VIIl. of 
“Modern Inorganic ('licinistry.'’ Kdiled liy Nei^Inn l-rtcnd. 1915- 
NE\l#ro \.—-Jouf n.*Sor^ Chtn:. Ind., 190J. 22, 469. 

G. 11 f,niiekiiON.—.A rticle, “ loiline,’’ in Thorpe’s “ Diet. .Ap|ihed ('hem.” Vol. 1912. 

• • • 

loyiNK (I - t26.(j^) i' .1 fairly widely distributed element, occurriiin, combined with 
metal*s?!h sm.tll iiuantitics in the soil, the sea, ,soa plants, and animals, '.'ertain 
sea plants, especially Uie deep sea weed, Fucus palmatu^, possess the power ol -Loring 
upiB considerable amount of iodine, and from these plants a portion of the iodine 
of to-day i..- ob-.Kined. The deeji sea plants contain more iodine than shallow 
^ea plants. 

Tins IS shown l>y the following t.ihlc, which gives the percentage of iodine in the dried plant:— 
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Consequently the manufacture ol i»i luie from shallow wiUer weed h.as been 
largely abandoned in’favour of drfft weed fi im deep water. 

The bulk of the iodine of commeice, however, is now derived bom crude Chile 
s.altpetre or caliche, NaNO... The mother liipiors remaining after the NaNO, has 
crystallised out contain 5-20 per cent, of sodium iodate, crude caliche contair.iWg 
o.f per cent, of iodine. 

t , 

Manufacture of fodine from Caliche.—The mother hquor rtmiaining 
after the crystallisation of the sodium nitrate ii^ treifled with sodium bisuliihite 
solution, and the iodine separates out in a sohd form :— * 

2X11IO. ' sNnllSO, ;N.illS(), ! 2N.10SO, 1 Tl.O -f I,. 

The solid iodine is settled, washed, pressecT into blocks, and purified by 
sublimation in iron retorts, the vaiiouis condensing in a series of earthenware 
• receivers. ^ 

An acciiuiit ol Ihv process is given hy Newlon Soi. Chcni.^nd.^ IfKlji 22 , 469), from 

whose pailer the following iletalls are laken^ 

Sodium hisuiphile is prc])ared hy nn\mg together some 85 jiarls 4 in.pure sodium nitrate, 
11; parts of fine coal, and water. Tt*. mixture is made inln^ conical mo nd, surrounded hy a trench, 
and Ignited. The crude sodium carhonatc thus iihume 4 is made inln i.*s*iirJHirsolution, settled in 
an iron tank, and then sulpfcuf dioxide ga.s is hlov^ri llirounh the liquid hy means of .1 steam blower. 
The sulphur dioxide gas is niadetiy burning italive sulphur on an itoi»]flale m .1 “ sulphur furnace ” 



72 ' CHLORINE AND CHLORfNE PRODUCTS 

r \ • . .. e ' r ® 

{see ilartm’s “ Industrial Chemistry,” Vo\ II., for modern sulphur burners), w^ich consists simply 
of an iron oven with a flue passing from it to the cylindrical tank.^ The sulphur dioxide is passed into 
the qrude sodium carbonate until it is all converted into sodiunr bisulphite. The..bis|{^phite solution is . 
then run intrf the reservoir tonks^ which are placed U fix)t al>ovp ^he level 6 t the large leaddined (or 
pitch'Coated) wooden precipitation ” tanks, which are about two-thirds filled with the final mother' 
Ifouor obtained during the purification of the nitr{^te, and which contains all thtf sodium iodate. 
The bisulphite solution is next run intr these “ precinilation ” tanks, thf liqui^ being thoroughly 
stirrefn>y means of dooden padtilescor bv air forcecf in through perfomted pipes in thtf bottom of 
the taii?'s. lo^line is precip'mtwl according to tHe foregoing equation. It is collected and 
removed, the Iasi traces whic’.i leiCmiti'after the bi, 4 k has Ijeen removed 'wc*ng coflecled by means 
of a calico bag at th/" end of a stick. The iodine is llien watei-waslied, filter-pressed, and sublimed 
in iron retohs. 7 ’h'ese consist of Inrizontal cast-iron cylinders, tapering at one end'io a conical 
form. The outlet, h is 6 in. in diameter, is connected to a series of eight or ten ordinary 

earthenware drain pijws (m aludells similar to those useil iri llic manufacture of iodine from kelp) 
which arc luted together by clay. Many dilTercnt variations of iliis process have been suggested. 
Somelime.s SOa gas is |)assed directly mlo the mother liquois, and any iixlide, Nal, remaining is 
decomposed l)y adding chlorine water. Sometimes tlie iodide—cspeciall) ir liquors very poor in 
this suostance—is direehy piecipilatcd as cuprous loditle, Cuola, hy adding CUSO4 and V'eSO^, the 
Cu^I., is then disullcd with Mn(X and ll2S(.)4 and Uie I distilled over. Sometime* the Cu^b is 
healed with II.^SO^ and ferric o\i<le ^see Geinian Patent, 209,501):— 

CuJ. + bll^SOj -h 2l'V..(); = I,. + 2CUSO4 -i 4l'VS(>4 + 6II0O. 

Electrolytic Iodine- —Attempts have been made to prepare iodine electrolyti- 
cally (see Rink, (ierman Patent, 182,298) from the ailiche mother liquors. 

The anodic comjxirtmont contains as anode a cail»on plate imniers,e(l in a concentrited NatH 
(or halogen salt) solution. The cathode consi>«,ts of an non plate immersed in a slow-moving sfream 
of tlic liquor lo the eiectrol) mt. Separating tlie ancKhc from the calhodit, space is an asbestos cloth 
diaphragm. Undci the intluciKV of the elecliic current llie iodine i<ins jwss away from the call. >dic 
space to the aninlc and .ne discharged into the concentrated solution of lialoger " !t, . ! !Ji possesses 
an extrcmel)’ liighl)' developed |K)WCi of dissolving iodint*. I'hc anoihc liquois with the iodine 
therein is lun ofi hoin time to lime and the iodine cspelletl Iheiefrom. If no ihaphragm is used fi.. 
separating the anodic and cathodic spaces, a piocess analogrtiis to tlie Bell process (see p. 2l) is 
used, the less dense cathodic lirjuois being sejtarntcti fioiii the hea\ier anodic liquors by their 
specific gravii). 

Paikei and Robinson (Knglisli Patent, 11,479, place a solution of alkali iodides, acidified 

with sulphuric acid, in an electrolytic cell, which is divided into two ct>mpauments by a diaphragm, 
and provided with a caihon 01 platinum anode and an non caliiode. An electric '’urrent is sent 
through the fluid, and the loiline uhich is liheialed at the anode is collccieil, wasJied, and dtled. 

Manufacture of Iodine from Seaweed. -The .seaweed (chiefly La.ninarici 
digiiata and L. steiiofihylla) cast up in the sprinj; after stormy weather on the 
coast.s of France and Ireland, .Scotland and Ja])an, is dried in the sun during the 
summer, and is then burnt in large heaps in shallow pits; tlie ash ' may contain 
from o. I 0.3 per cent, of iodine. 

Since mucli iodine is lost In volatilisation iluring this huiiiing ])lO(l•1^, Stanford, in 1862, 
sulijected the weed to dost 1 net i\l- distillation in «loscd letorts, the whole of the iodine remaining in 
ll ? ash, while ihe'tar and amnioniacal lujiiois s\ere aKt* lecoveiod Howi.\ei. the ct»slof plant and 
fuel icndcied the piocess nnreimineratne. 

Ntxt the ash is lixiviated, air^ the iodine passes into solulion as KI. The 
carbon remaining after the lixivialion of the ash resembles animal charcoal, and is 
used for similar puiqioscs. 

Several piocesses have been worked in wh’ch the plants are not carbonised ai all. In one process 
the plants are stated t<» l)c sim^dy directly lixiviated, the lesidual appaientlv unaltered plants Iwing 
converted into “algin.** a gt’atmous sul>stance used as a sulKlitul«. for isinglass, bladder .skins, etc. 
In another process the plants aie healed with dilute sulphuric acid or other acid; here, again, 
previous carbonisation is avoided, and the residue of seaweed is utilised as manure. Stanford 
heated the weed with NaXO.;. 

' There results from, the lixiviation (which is systematically carried out) a con 
centrated solution of alkali carbonates, sulphates, chlorides, sulphites (traces) 

' According to^{£r,nest v, Dancaster, in this ctmntry tlie icfin kelp i» applied to iKilh the weed, 
and the ash, althotigh the latter is alst» vmown as kelp ash. Ir France the term varech is 
applied to all seaweed (thu Np)rd being allied to* our word wrack), and the burnt ashes are known 

as condres de vatecn. 
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sulphides (traces), bromides, and iodides of the alkali metalSs The solution is 
evaporated, and the chlorides, carbonates, and sulphates allowed !o crystallise out. 
The mothsr liquors’ theq contain the brotijides anS iodides. .^Tfeist^iquor is then'' 
worked for iodine by the following processes;— * _ . , 

(i) Excess of H.,SO< is add^d to decdmpose sulphites aftd sulphide, and after 
remD^ingrany separated crystals, the liquid i 4 rurf into a hqjnispherical i»J)n boiler 
mouhfed in ihrickwprk tver^ a fire, ,and fitftd with- a feaden hood provided with 
a still head (Fig. 41). Mangadese dioxide, is thrown in, and^wheti the tempera¬ 
ture reaches t^ljout 60° C. ioijine is evolved, and, escaping through thj still head, 

^ condenses in a »seiics of glass or earthenware receivers termed “utfells.” The 
joints of the apporatus are luted gas-tight by \;lay. The iodine distilling over 
condenses in the earthenware or glass condensers or “u^ells.” When no more 
iodine comes over, the stills are connected with another set'of receivers and WoulfFs 
bottles, and more rfiangancsc dioxide is added. Bromine is evolved, and is thus 
collected sejJaralely from the iodine. The eijuation representing the change is 
thus:— r < ^ 

MnOj -s 2NaI + = 1 ; -S 2N.-1ll.SO4 I- M11.SO4 1 alLO. 

-I 2 NaHr I .tILSO, = lir.,.-r 2N.rlIS04 -r'Mn.S04'i 2II26. 



1 '!<.. 41.— Itulint* Siill. 


“The iodine tfius obtained is impure, (ontaining chloride, bromide, and cyanide 
of iodine. It js purified by sublimatioij as above described. 

(‘2) (Wicr processes are to fieat the liquor with suliihuric acid and ferric 
c^iloride, Ke(ll„ with sulphtiric acid and nitric acid, sul^iuric acid and chlorate, or 
bichromate, etc. All th^ oxklising agents liberate the iodine from the liquid. 
Sometime's the calculated amount of Cl gas is led into the liquid when iodine is 
precipitated. However, the chlorine must not be in excess, or iodine chloride 
would be formed. • , 

When the liquid is very poor in iodine, it may be precipitated as cuprous iodide, 
CujJj, by adding ferrous sulphate atjd copper sulphate to the liquid. From the 
^Cu^Ij the iodine can then be liberated by heating with sulphuric acid and 
manganese dioxide. 

(3) Occastonallf a process of extraction with organic solvents is resorted to. 
Thus, after liberating the iodine by adding sulphuric and nitric acid, the liquid 
is agitated witkfliewdeum napfitlyi or benzol, wh?n the iodine dissolves, and the 
petroleum or benzol Jayer of iodine is ;hen separated ftoci the aqueous layer, and 
shaken up witlj a'n aqutous caustic soda, .thereby th? iodine is fixed as iodide or 
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iodate of sodium, and so is withdrawn from the Jiydrocarbon. The petroleum or 
benzol is drawi^off, and the iodine is then liberated by HCl thus:— 

■ ■ sNSl + NalOj + 61ICl’= 6 NaCI -h yUM ?■ 3 I 2 . 

More recently,* insteadgof using a volatile soivcnt, ihe use of vaseline oil (the lieavy oit from’’ 
Galician petroleum) has bec^ used for cxUaciiq^ the iodine. ••The h(|utir cont|iining the iodine is 
treated with*vaseUnc oil in s«,ch a manner that those portions of the liquor liom which Ac hufic of 
the iodine has*already been eittmcied are*treaicd with |resh vaschnefoil, )ghich t^es up s1f the 
iodine out of theliquori, ^'i\lso those jjorlions of the vasclii^ enriclu^l in iodine come only into 
contact with the ¥idme-ricli liquors. In this wfly efficient extraction is seriireil. * w, 

Next the is distilled with steam : the jodine coming over, the oil is left l>eliin(f and used again. 

In general, one ton of carbonised seaweed yields io*i2 lbs. of-iodine. 

Iodine from Phosphatesv—Thiercelin {Bull. Soc. Chmi., 1874 (2), 22, 4.^5) places a mixture 
of equal (juantitics of iodjne-rich phosphate, sulphuric acid, and water in .1 \at, and keeps the mas? 
well stirred. The iodine is liheratcd and passes over into a condensing clianuKT. 

* . *. r * . 

Purification. —Commercial, iodine always contjyns traces of chlorine and 

bromine, either rhemiciilly combined or in solid solution. The purification is 
best effectect by disisqlvingnhe resublimed iodine in a conrentraled solution of RI, 
when U dissolves ^0 a dark solution, possibly containing the compound KI3. On 
adding excess of water the iodine is precipitated, and is washt*d and dried. The 
dry iodine is then •mixed with solid K 1 and slowly sublimed. The sublimate 
consiffts of practically )mre iodine. Pure iodide can also bt* obtained by heatmg 
cuprous iodide, Cu.,I.,, tT) about 240" C. in a stream of air. 

Properties.—“Pure iodine is a dark bluish-black, lustrous, crystalline solid. 
Aljiinic weight of 1 = 126.(32 ; jM.l'., ii6.i“C. ; 11 .P., 184.35"; si>eeific gravity of 
solid, 4.<t33 at 4” C. ; vaporises slowly : very sparingly soluble in cold water. 
*00 vois. of a saturated solution at 25" C. contains only 0.32 g. of iodine. At 
15° C. .1 part iodine dis-olvcs in 3,750 parts of water, and in 2,200 at 30’. It is 
much more soluble ts a concentration solution of K1 (where it possibly forms the 
component and .also in alcohol, ethci, acetone, rhloroforin, benzene, carbon 
disulpt?Mes, aivj other organic solvents. The tincture of iodine of the Pharmaiopa-ia 
contains J oz. iodine, J o/.. RI, and r pint of regtilicd sjurits. Potash or soda at 
once decolorises a solution of. iodine, forming potassium iodide and iodate, thus:— 

I OKIIO = 5KI KKt -I jll/). 

IVitUconcentrated UNO., iodine is oxidised U; iodic acid, lilO.,. > 

Test.—Iodine produces a splendid blue lolourwitli starch paste. The blue 
colour disappears on warming the solution, but reappears on cooling. ^ 

Alkali Iodides.— (1) In order to produce potassium iodide, KI (or sodium 
iodide, Nal), the usual process is to add iodine in small portions'lo hpl 
(or NaOH) and evajiorale.* .\ mixture of potassium iodide" KI, and potassium 
iodate, KIO3, is obtained (Nal or NalOg if NaOH js used). The mixture is next 
mixed with carbon and ignited, which decomposes all iodate, and the. isdi^e is then 
extracted with cold water and crystallised om. Improvements on this method 
of manufacture are suggested jn the German Patent, 138,008..^ 

(2) In another process the formation of iodate is prevented by allowing iodine to 
act on alkali in the presence of a reducing substance such as potassium thiosulphate, 
'i'he following change occurs :— 

K.,S.,03 + loKOn + 81 = 8K1 -h 2 K,SOj ' 5II./). 

’ • 

Sometimes sodium carbonate is used:— 

NajSsO,, -I- sNaCOt + 81 = 8Nal + JNa.SO;*' +,5410,.^. ’ 

On evaporating, the K.^St)/oj Na^SO, js easily separated crystallisation from 
the much more soluble iodides. 
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Statistics reis^dn^ to Iodine. ■—Mo/t of the iodine %.t present produced cg^mes from the mother 
liquors of the sodium nitrate (caliche) works of South America, 


1^79 

1881 

1S90 

1900 


77-35 tons 
200.06 „ 
419-74 » 
30&13 .. 


1904 

1905 

1906 


458.21 tons 
351-20 „ 


cfcle alone ixportel in Ij04,|j9,q6i Spinish cwt. • ' ' _ 

The amount of iotfine rtroduccd'irom seaweed is small, being principally worked in France, 
Norway, and En|,4and. However, in recent years'Japan has begun to make large quantities of 
iodine from seaweed, and if the U.vS.A. seriously attempt the recovery of potash frqja seaweed on 
the Pacihe coa.st on a. large scale, an important additional source will be added to those existing. 
The following figures give the Japane.se export of KI (potassium iodide) in kin (i kin = 1.3 lbs.) 


(902 1903 V 1904 

•(-,051- 22,371. 52.012. 


The following statistics relate to the German import and export of iodine :— 
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rci*i Britain, j J.ipan. 

t 

Chile. 

1890 

fSS 

1 1 

3-7 

77 


4* 

1900 

236 

; 5-4 1 

no 

6 

100 

1904 

270 

6.0 

50 

20 

\ *70 

1905 

377 

12.S 

60 


200 

1906 

297 

5-S 




1907 

147 

; 2.65 

27 

*7 

76 

190S 

*94 

.3-5 

55 


II2 


The (ierman exporl of iodine in 1901 was 30 tons. In 1907 it ro.se lo_.)4 tons. 

'’lermany exports large amounis of finished iodine products, line chemicals containing iodine, 
as shown -by the following figures : — 


r.KKMAN E.XIi'OKT Of lODl.SI'. PkErAKAnONS 


Total Inqairt. 


^ ear. 

i Quantity 

in , Value in 

i 

j Tons. 

1 Million Marks. 

1890 

]o6 

1 2.9 

1900 

>38 

3-0 

1904 

170 

r 4.2 

*905 

■ 170 

' 5-3 

1907 . j 

145 

2 f 
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CHAPTER’ 1 % 

TrtE HYUR-OFLUORIC 'ACID 
INDUSTRY 

.LITERATURE 

(lEOKl'tF.V Martin* an^ K Danca'jIKR. -“Tlio Halogens," fornnng \'o!. VUI. of 
“Modern fni^ganic Cheinistr)Edhed by NewUm FikmkI. iQfS* 

A. G. Betis.— audMin.youin., 1907, p. 153. 

Zrllner.—“D ie kunsilichen Kohlen," Berlin, 1903. 

• . • 

• ... ... 
Aqueous hydrofluoric jcid, HF, is usually obtained by healing calcium fluoride, 

CaKj, with concentrated sulphuric aciT—CaF.j +HoSO., = <IaSO| + allF. In 
recent y?ars the technical importance of hydrofluoric acid has considerably 
increased, as it is used on a fairly large scale for the purification of artificial 
ca?bon and graphite, in dyeing, in etching glass, in the brewery, etc., and 
consequently considerable improvements have been effected in the apparatus 
lor pr^ring this substance. Many factories which jircpare acids for use in 
chemical industry havy their own special plant for producing hydrofluoric acid. 

Mapufacture.— Fig. 42 shows a small scale apparatus for preparing fiqueous 
HF. A leadisn retort a, on which a leaden head 11 is cemented, has placed 



Fio. 42.'-Sni.iil Still lor Tlydrofluuric .\cid. 


within it a mixture of calciun» fluoride and oil of vitriol. C>!1 healing the gaseous 
mixture HF is evolved and passes into a leaden receiver c, which contains a vessel 
'of water u, best made of platinum, in which the H F condenses. The tube jij'^serj'es 
sS air and gas exit. 

On a large scale, however, it is usual to use iron stills. Fig. 43 shows a large 

scale plant, working according to the Fxkelt vacutim process. • . 

a is a semisp<ierical cast-iron pan, somd" 2 m. in diameter, and some 3.5 cm. 
to 4.5 cm. thick. This servos as the HF geiferator. thi^ stout pan 

rests a hemispherical leadeij lid The lead bf, the semispherft’al lid is held 

rigid by being soldered *over* 4 framework* of iron bands# Svhich run together 
to a ring at the top,,to which is fjstenefi a ring d which serves <b lift the lid 
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when necessary. The lid is i dm. thick, and has at the base, a broad la cm. 
flange, which fits exactly over the .similar flange belonging to the ir^ pan beneath, ,. 

^d which* fbrtns an air-tigHit 
joint, the two. flanges being 
securely *lamped together by 
strong sc.ew cbmpts. Z 

The Vhin lead sheet is turned 
up on the ^ige «, so as to form 
a sort of trough,-which is kept 
filled with running- cold water, 
which serves as a condensing 
arrangement and keeps the 
leaden cover from becoming too 
hot. 

The heat of the furnace be¬ 
neath might otherwise overheat 
the lead., and cause it to melt. 
The (.ooling -water nows in and 
out through soecial funnels. 

Inside the lid is a protecting 
sheet of lead which runs rjund 
the periphery of the inside of the 
lid, and projects over the iron 
pan. 

It serves to protect the latter 
from the cold dilute sulphuric 
acid, which keeps condensing on 
the leaden lid, and would othe. 
wise run down the cast-iion sur¬ 
face of the lower pan, and rapidly 
corrode it. 

The cast-iron pan is set in 
brickwork in such a m.-nner that 
it Is protected from the direct 
action of the flames. The hot 
gases come into contact with the 
metal at the opening h, ar.d in 
order to prevent the cast-iron pan 
burning away locally at h, the 
whole cast-iron pan a is turned 
through an angle of 6o° after 
every second charge, by means 
of i’-on hand grips attached to 
the iron pan. The tendency to 
burn is fairly pronounced, be¬ 
cause towards the end of the 
operation solid crusts of calcium 
sulphate separate. Some 800- 
900 kg. of fluorspar is placed in 
the iron pan a, then some i,20(y 
i,3ookg.ofconcentrated sulphuric 
acid is run out of a lead-lined 
tank (using compressed air to ex¬ 
pel the acid) m into the iron pan a. 
The HF vapours escape up the 
leaden tubes s and /, any sulphui ic acid simultaneously carried over with the gas being 
condensed in,‘.he coil /, which is immersed in a tank of running cold water, and flows 
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back again througb the tube^ u intc? the pan a. i^The HF gas escapes and passes 
into the lead^ vessels which are filled with water and connected together 
%t the bottom.'jn ^^ sets of three by oieans of the Each set of three 

vessels is placed in a tanlj: filled with a running strean) of cold watefr, being^ 
immersed right* to t^e base df their ftecks. In the first two of each set of 
three the«tubes do not'dip below t6ie si^face of the‘<\ater, so that ^ht) absorption of 
gas in the ^ater takes? plape at tbe surface only. In tlje la^t vesspl, ho'>4ver, 
the entry tube*^ dip^ i^to the water, so that the gaS**has to^pass throtlgh the watp 
before issiung out into the vacuum apparatus. Ihis provision necessary in 
order to av^^id the necessity fdr rising a very high vachiun to work^ dii condensing 
arrangement. The acid gases escaping finally from the last vessel .v are led into 
absorption towers (each about 2 m. 'high by i m. diameter), of which the first 
fcontain.s milk of lime of caustic soda solution, and the second is filled with dry 
.slaked lime, placed f>n wooden gratings. The inside of each lower is well tarred 
to make it acid-resisting. n 

The gases then pass out, frfg; from all acid fume-., into the cylinder /, whence 
by means of the vacuum pump they are forced out int<i the air through a long tube 
f?. In gensral, to, every set of absorption vessels there are two hydrofluorie acid 
generating stills employed, the absorptioh being regulated by the valve at r. It 
takes about forty-ei^ht hours to work off a charge. 


BAt <»ee Kngineetmi; and Mining Journal, 1907. P- i.S. 5 ) <U-cril.Ls .in.Mhui is 

in use*111 various parts of the world. Sli.rllow easl-iron pans .ire prosuled aitl. lids, whicl, are 
hermetically sealed liy meahs of concentrated sul|iliurir .nid A 1 llie londensi-is, etc., wlrieli 
consis*of leaden vessels, stand totally immersed in water. Fhe cliart,'e is l.ooo k". of },'r niiul 

fluorsparlo i,ooo.i,2cek£. conieniraled sulpliuricaiid (66''Be.). . 

.Ml these melltod.s suffer from tlie defect iliut a crusi of calcium sulphaic sets „n the lioiP.m r,t 
thclecomirosuii; p.rn.s, causiuK ipeal difficulues. Sever.il olforts have heen made to oveusmte these 
defects. The pfoposal of L, Meyer (derman I’ateitt, I 42 . 9 ,ii. 1900) desert es mention. Iherelortis 
i,\cd in afurnace, and the decoinposini; pan consists of .111 iron Irolki, ruiimnp on wheels, «Inch r.iii 
te moved in or out ol the furnace .is desired. The fluorspar .ind snip lui.e acid .ire imsed .old oa 
sytupvmas.s in this tiolVv, which is Iheii 11111 into the rclon the < oor shut, and t lie .list l alKin 
earned out m tlie usual wifv. When the disUllation ,s linished, the d.s.r is opened, ai d the I 1. ley 
run out.wlille aiwther similar trolley, IreshI) charged, is run in Hsjain. So lh.it neilh. r Un r ■■"f '■-•d 
us lost litAween the separate .liarRcs. A similar apparatus foi makiiii; afeinn. is ilesirihed 111 Martin s 

“ Indu.strial Oieimstiv/’Vfi). I., German JVlcnt, I 54 i‘^ 77 - i < i i • . ,i 

SodiumAir potassium hisulpliatc (NallSO,) or (KllSthI m.iy he used uiste.id ..( sulphuric acid 
in decomposing Cahk (see German•I'ateiil, ii6,S48). 


Purification.— Technical liydrofiuoric.acid solution invariably contains hydro- 
fluorsilicic acid, H„Sil^, derived fr»m the silica, SiO.,, almost in*.'ariably present 
in the commercial' fluorspar, CaK,., used, it usually corftains, as well, some 
•H.,SO , HCl, SO.., As, Te, I’h, Ca, etc., derived from impurities in the materials 

used in the manufacture. c ,0 

K. F. Stahl (/«■/. angeiv. Chem., 1896, 9, 22S\Joiirn. Amcr. Chem. Soc., 18 , 
415) gives the composition of the commercial acid as follows 

IIP » . 3(j.(i.54.2 per cent. 

ll.,SiF, - - ■ - ^■7;J4.0* .. 

ILSOj - • O'h-4.0 

By repeated distillation an acid of constant composition and boiling point may 
be attained (at 75" min. and An” C. B.P. the acid csntains'HF = 43-4 per cent., 
jsg according to Deussen, 'Aeit. anorg. Chem, 1906, 49 , 207), but the 
pure acid can only be obtained by special chemical treatment, as with dist>JlatJon 
ifte HjSiFj simply goes over with the acid. 

Gore (Phil Tram., 1869, 8731 >«”'• eV<™. .Vc., bll, 7 (ifh'll. 3 h 8 ) Wnl't^commercul liy 
diluting the technical acid until a contains less than At per rjeni. Ill- (with more " P 

not precipitate lead),W« i" "rcss of ITS (to precipitate the I'l., As etc.), a.Ids more than enou£ 
of to combine with all the lIlsiFc and II-.iSO, 

Ho^ 6 as K.2SiF8, decants the litytid, removes any 11 ..S prfr^t, by adding AgaCf or Agh or AgjO, 
and then distils Lm a leadelT retort,.leading ikc vapour through a plaijriim condenser into water 
contained in a platinum l^sin. 

6 
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The pure ucid must not come into cifctacl with l>b. * Thorpe and Hamhly (foum. Chem. Soc., 
■** 9 > SS- ><> 3 ) trsat KMnOj, then convert the acid int»KF.IIF by,addfn^KF, and then dry 
thit compotuid and detoni]sose it by heating in a {^atmuni raort:— * 

KF'.HF = KF + I IF. 

f * 

See also Mois^nn Chem. f6], 24 (J891), 224). The jfaie acid h now invariably 

pre^»ai-cd by healing the salt KK.HiC*'. * 11 - • 

Properties.— I'her acj^ieelis Sicid i.s a highly co'rroiaivj, dangerous liquid, 
contact pf the* vapour with the eyes and s^cin being highly dangerous. The acid, 
and some of “its salts (e.,?-., are principally, us'ed for etching glass, acting on 

the SiO.j of glass ji^' follows , 

4 irF 4 Sit). = ail/t I SiF,. 

The SiK, e.scapes a gas. It is acted on by water thus 
+ 311/> = Ib-SiOj I 2ILS1F,,. 

According to \V. AVintelcr (Zeit. ani^nt'. Ch(m\ 15, 33, 1902) the density of the 
aqueous acid at 20" C. is given by the following talile' 






— 

- r- 

Pei (.cm. IIF.' 

S}i. (ii. 

Kc. 

Per Cent, HF. 

Sp. yr. i 

° IJC-. 

. c 

1 

l.OOJ 

0.5 

2O 

* 1.092 

12.0 

2 

1.007 

1.0 

27 

1.095 

,'2.4 

3 

1.01 j 

1-5 

2S 

1 opt. 

12.7 

4 

1.014 

2.0 

29 

I. lOI 

13' 

5 

i.oiS 

2-5 

3 ^ 

1.104 

13 .4 

0 

1.02; 


31 

1. 106 

>3 7 

7 

1.(127 

3-5 

32 

1. 109 

14-1 

S 

1.030 

4.0 

33 

I.II 2 

14.4 

9 

'■035 

4 -.‘; 

34 

V ‘4 

14.7 

' 10 

1 03S 

5.0 

! 35 

1.117 ; 

15.0 

11^ 

I.O.^ 

5-5 

3 ^> i 

1.120 * 

■ 94 

12 

1.045 

6 0 

37 1 

I.I22 ; 

1.5.7 

'3 

1.049 

, 6-5 

. 5 ^ ! 

1-25 j 

, lO.O 

'4 

1.052 

7.0 

3 " . ( 

1.27 ! 

.6.3 

16 

1.055 

7.5 

40 1 

1.130 

'65 

1.059 

8.0 

41 

i.n 3 

I6.S 

17 

l.0()2 

s 4 , 

4 ^ 

1.13b 

17.2 

ii> F 

1.0()() 

s.s 

# 4 > 

.1.13b 

17 - 5 . 

19 


9-3 

44 

1.141 

17.8 

20 

1.072 

9-7 

45 

1.143 : 

18.1 

21 

1.070 

10.1 

4O 

1.14b 1 

18.4 

22 

1.07*) 

10.5 

<»■ 

1.149 ' 

18.7 

“3 

1.0S2 

10.9 

4 b 

1.152 

19.0 

( . 24 fc 

1.086 

11-3 ■ 

I 49 1 

1. 1 54 

' 9-3 

25 ' 

1.980 


1 5 “ 1 

1 . 1,57 

19-.5 


Ecke'i yCIiftn. Zeit., jSqS, 22 , 225) gives another table which differs in some 
respects from that given. The denliity of aqueous HK may be determined by using 
an ebonite pyknomelii;i with ends which screw off pnd on (see Zellner, Monath., 
18, 749, 1897). \\’ith acids which are not very .strong, a simple metal floating 
hydrometer may be used, the metallic, surface being painted over with a hard pitch. 

‘ IS 

Storage and Transport. —Large quantities of the aqueous acid may be 
transported i,’i vestcls of lead (secStahl, Zeit. angew. C/tem., 1896, 9, 225, and also 
Eckelt, C/iem. Zeit., 1892, 16, 17). It* may also be transported ira cast-iron vessels, 
,or glass vessels coat^'d internally with guttapercli^, bakelite, etc. Small quantities 
are usually kdpt 'm indiarub^e?., ebonite, or guttaj^rcha bottles (see Bendikt, 
Chem. Zett., 1891, <lg, 881). ElasfcS made of purtdfirffwax or eeresin are also 
suitable. *' 
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• • • * • 

UseS'—Formerly HF was used almost sotely for glass etchlVig. The glass is 
covered with^ laytir of wax, the portions to be etched being uncovered by removing 
• the wax with'. a*shf>rp instrujptnt. The acid, when jipiJied ’(either as vapour by 
. gently warming, or else it\an a(iucous solution), leaves a sharp maak. Ammonium 
fluoride in ffF soluljon is also'used for*dull etthing glass. • * * 

Moiij recently, however, the importance of HF\as greatly inoac^ed (jwing^o its 
use in otljer direcliorts; t-g., .considefcble (jujntities are gsed for purjfymg ^ificial 
graphite frofn Sip,»etc. (see Zellner, “Die Kifrtstficht» KoTilem’*Berlin, 1903). 
In dyeing double fluorides of antimeny arc widely used as a sunstitut^ for tartar 
emetic. the sjurit and'bi«;wing industry lll',ts used exteysirt-ly on account 
of its antiseptic effect, yeast bwing not nearly so sensitive fo^ the acid as other* 
organisms, and so the fermentation*p’roceeds more uniformly when HF is used 
(see Martin’s “Industrial Chemistry,” \’ol. I., Organic; also Fffront, Bull. Sue. 
CIteni., 1890, [3], 4! 337 ). Stahl (Zeit. angetu. Cliem , 1896,^, 225) recommends 
the^se ol,a 1-2 ])er cent. HF solution to open oiil peiroleum boras, and also for 
cleaning iron castings from saijtl (SiO^), and also loi gleaning coiiper articles 

Dilute aqueous IJF has been used for removing the weighting matters from 
*silk (see Kelt, f., Fnrh-m i/iiii Te.xilchcmie, 1903, 2 , 160, 210, 2fii; Ciiiehm and 
Diir.steler, Farhera. Z<it., 190(1^ 17, 217*; Ristcnpart, 18 (1907), 273) 



Hydrofluorsilicic Acid, H,.SiF„. —This acid is obtained by leading silica 
tetralluoride, SiF^ (which is evolved "liy allowing silica to^act on HF:— 
SicJ, + 4HF = SiF, +all./)), into w.atcr:- 3S F,+ 4H ,() == H^iO^ t-2 1 f.SiF,.. Cela- 
tinous silicic acid is simultaneously produced. H.,.SiF„ is thus produced when¬ 
ever the gases evolved by treating material containing fluorides, with siliceou^ 
materials and concentrated sulphuric acid ,iie led into water. Thus large quantities 
of H.,SiF|i and its salts arc obtained as,by-products in the surterphosphate 
industry (sec Martin’s “ Industrial (.Iheniistiy,” Vitl. H., undci; Manures)* r?atural 
and artificial phosphates, Slten containing considerable amounts of fluorides apd 
siliceous matter, arc in this industry treated w ith .concentrated suliihuric acid in 
order to produce the |)hosi)hate in a soluble form, suitable for manuffl'ij; jiurposes. 
The gases thus evolved in the fiirnaies (which contain SiF,, free HF, H._, 0 , ( 10 .^, 
etc.) are sucked out and ar« led into large condensing “Wens” or chambers (of 
100 cub. 111. capacity), best built of [litchpine and provided with a number of 
dividing walls, .against which the gases impinge. The steam and SiF, here ^:on- 
rtiense and react according to the eipiations 

3 .Silq -t- 4 ll 3 (-> ■- all.jSil't i JIjSiO,; SiV, 1 jll./J + ll.jSiO,.; ^IK c^SiFq - IbSiK^. 

The gases not'.absorbed in the first cl*amber jiass out into another similar 
absorption chamber, in which the gases come jiito contaclrtjj'ith^a spray of cold 
water {steam does not so well with SjF,), artd the gases not absorbed here 

escape by means of a tall chiftirtey imo fljp air. 
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A more efficient system of •absorbing the SiF^ containkjg gas is mat 
deviled by Paul Kestner, Diisseldorf (see Figs. 44, 4 wand 46). .The gases from the 
pan whereih the phosphoteds treated with^HaSO^ gass by meaife W the pipe a* 
pito tjie space'B. ’This contains a rapidly rotating .“centrifugaj atomiser” c,. 
which fills''the whole chamber with' a fine* spray or' mist of vgater particles. This 
coole«and. partfal>y absorbs thfT entering gales, fffiich then*pass »on through the 
“turbi^atomisjr” e.. Tbit consists ot a fan-wheel' e, which is Built up of spiall blades 



Kio. 45.—Suj'tTphosphate Den. 


after the manner of a turbine. In the centre of this fan is a rotating “ atomjser ” 
which ejects a fine spray of water through the rapidly rotating blade? of the 
surrounding fan wheel n, and thus causes the gas coming from the chamber b 
to be so thoroughly churned up and mixed with water that complete absorption 
of the acid components follow, the escajiing gases passing away quite free from acid 
fumes through a chamber f provided with baffles, and so out to the chimney.. The 



water, falling as drops, flows away from f in the form of a solution of fluorsilicic 
acid, the liquors containing gelatiqous silicic acid in suspension. The liquid 
IS passed through a filter press and then stirred up with NaCI solution, when there 
separates out a white gelatinous precipitate of sodiujpi silicofluoride, NajSiFj, 
which is produced thus;— 

, aNaCliH- H^SiF, = NaoSiF^rtl- 2IICI. 
c ^ r 

This NajSjFe, w-lje^ washed over n-ith.cold H20,‘dri(id, and passed through a 
sieve, containc Na2SiF\=98.6 per cent, NaCMo^ya, 8102 = 0.54, H20 = o.i4. 
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It is sold to enamelling workj, and finds some application in the manufacture of 
milk” glass* .• *. 

H^SiFs is alst^obtained as a,by-produci when earthenware vessels are treat<W with 
to increase their*porosity* high tensKJn steam bding aftewards hlowm through them (st^p Frior, Aetr. 
ang^w. 1903* * 95 hflr whcngrapt^te is Seated with Hl*^o free it from Si^all See also German 

Patent, 105,734 (1898). Xje German Patent, 416,848, describe a process for manlfactultng mtfacid. 

PropertJes.-^HjSiFe is a strong acid; it atta<?l»s flte shin. *Whefi concentrated 
it is hygr^copic, and attracts moistute from the air until a certain definite con¬ 
centration's attained. The’ atid, when boiled orjj*ovaporated, ^ol&tilises without 
a residue. 

Uses. —The acid n»w finds considerable application as a disinfectant, for deliming 
skins in tanning (Martin’s “ Industrial Chemistry,” Vol. 1 .), J.igl in the electrolytic 
precipitation of lead. Its sodium salt is used (see above) in enamelling and in the 
manufacture of “ nylk ” gktss. Fluorsilicates (fluatesj are now used as a hardening 
agent of certain cements used in building (Martin’s “ ^dustrial Chemistry, Vol. II., 
Artificial^tone ‘ 
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'•Peroxides and Peracids 
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CHAPTER “K 

p£ROXIDE8 and peracids 

By G. W. Clough, D.Sc. 

J.— PEROXIDES 

4 k FEKOXii^K^is an oxide (fbnt^ning more oxygen, combined with a cciiain weighi of an element, 
than is contained in*tha highest basic or acid^ oxide of the element. The true peroxides, or 
super9xides as they^are freqiicntly^alled, difier from the “faUe” peroxides oi polyoxides in 
that they yield hydrogen peroxide as a product on treatment wiili excess of walci or a dilute acid. 
Siwe hydiogen perojyde possesses acid piopertic> in aqueous solution, llic supcioxides may be 
regar^fras salts of hydrogen peroxide. In conse«|uence of the case with which tlie\ aie converted 
into tlie parent substanct^ they fmil wide application oxidising, bleaching, and disinfecting 
agents. 

, Sodium Peroxide, Na^o^, is manufactured l)y passing a current of air, 
carefully freed from moisture and carbon dioxide, over slices of .sodium resting 
otf aluminium trays which pass through a tubular iron vessel. The tomiierature 
maintained at about 300". The oxidation is effected slowly by applying the 
princifsle of counter currents; the fresh sodium comes into contact with air 
poorest in oxygen, «vhcreas the fresh air first jrasses over the almost completely 
oxidised material (German Patents, 67,094 and 95,063). The hydrate, Na., 0 .,. 8 U.j 0 , 
s pr^ared bj mixing sodium peroxide with six to eight times its Ifeight of 
powdered ice or snow. 

Properties. —Commercial sodium peroxide is a pale yellow powder containing 
92-98 per cent. Na.jO.j. It is exceedingly soluble in water, which at the ordinary 
temperature decomposes it, yielding sodium hydroxide and owgcn. Although 
sodium peroxide only evolves oxygen at , high temperature, it is a vigorous 
, oxidising agent, usually causing organic materials to burst into fla#hc. An aqueous 
solution (J per cent.) is employed for bleaching textile fabrics, hut in the case of 
animal fibres (silk and wool) the soda lormcd must be neutrali.sed with dilute 
sulphuric acid. Sodium peroxide is a constituent of some washing povrfers. 
“Oxone” is compressed sodium peroxide, and “ Oxylith, ’’.which evolvas oXygen 
on treatment with water, is% compressed mixtuic of sodium peroxide and hleachipg 
powder. 

The amount of active owgen in sodium peroxide hiay he ascertained iiy heating i g. of the 
sample with 15 c.c. water ami 2 dotps of concentrated coixilt chloiiiic ^olution, and measuring the 
oxygen evolved (Archbull, 20, 3). 

Barium Peroxide, Ba 0 .j, is manufactured by passing air, freed from carjron 
dioxide and moisture, over barium monoxide? BaO, heated uniformly in retorts at 
5 oo°- 6 oo°. The success of the operation depends on the monoxide being in a 
porous condition. Severttl methods are in use far the preparatisn of 4hc monoxide 
in a suitable physical state for conversior# into peroxide. It may he produced 
(i) by heating barium nitrate (CJ^rman Patent, 128,500); (2)J)y heating at a high 
temperature an intimate tnjxture of witherite Snd carbon free •from hydrogen 
(German Patent, 149,805); (j),by heating barium carbonate wr hafiuni hydroxide 
with barium carbide hi the absence air^German Patents, 135,330’and 142,051); 
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or (4) by heating in an electric fu^'nace barium" sulphate (4 mol%) with carbon 
(S ato.ms) in^the form.of coke (United Bariuiy Co., o/’Niagara Falls). • 

In order lo obtain pure barium pcroxid| from the commercial f)V>duct, the lat^r is rubbed into 
a^asle with vi^tcr and is stirred into wcll-cdoled dilfitc hydrochloric acid. *To the tesulting turbid 
liquid l>aryla is atfted until the precipitation silifa an|? metallic ojjines i$ comple^. After 
hltratift^, cjAicss ♦* liaryta is addcif, when pure b^’drated liariuni |:^roxide, BaCo.^H^O, is 
precipit^ed, and*.jiibse<m“nlly fliergd, >|"ishAl, and dried.* • « • - 

* • • 

« 

Properties- —Technic;il li^irium peroxiife is a grpy mass, whereas^the pure 
compound is a white^powdcr. #At 700“ it evolves fxxygen yielding thf fnonoxide. 
*Barium peroxide is «sed for the manufacture^of hydrogen peroxide, as a bleaching 
agent, and mixed with paraformaldehyde as a disinfectant^ It is also employed 
for removing organic impurities from sulphuric acid, and ^as an addition^to 
lithophone for prevAitmg that pigment from becoming grey in sunlight (German 
Patent, 163,4^5). 

• 

Calcium Peroxide, (kiO.j, cannot be prepared by heating (luickhme in air.. 
Hydrated calcium pero.xide is i>recipitated ip the form of fnie naedles when aqueous 
hydrogen pero.xide is added lo lime water. It is ai.so prcparcdjiy adding a com¬ 
pressed mixture of sodium peroxide and slaked lime in molecular proportions to 
iced water ((Jerinan Patents, 128,617 ‘tid '32,706). According to AnvirjtSn 
Patent, 847,670, aqueous calcium chloride may ho mixed with hydrogen peroxide, 
and the calcium jieroxide preci[)itated by tlie addition of concentrated ammonia. 

Properties. —Hydrates c.mtaining 8, 4, and 2 molecules of water are said to' 
exist. The usual jiroduct contains 4H;,0, and is a yellow crystalline powdefr, 
sp.aringly soluble in water, yielding an alkaline solution. Ualcium peroxide is used^ 
as a bleaching agent, and is a component of some tooth powders. It mjy he 
employed with sulphuric acid for bleaching cotton seed oil,, and for removing 
rancidity from oil. 

Magnesium Peroxide, MgO,^, may be obtained by decomposiAg magnesium 
sulphate with sodium peroxide. A very antisejitic and stable product is produced 
by adding water to a mixture of sodium peroxide anB magnesium hydroxide (or 
basic carbonate) (Herman Patent, 107,231). If sodium peroxide and alcohol are 
successively addcrl to aqueous magnesium chloride at 20", a powder containing 
27 per cent. .Mgf^ is precqiitated, where.as if tlA- precipitatio'n occurs at a very low 
temperature (in a free/.iftg mixture of sal ummoni.ac and ice) a product containing 
nearly 40 per ^cent. MgO., is obtained (Kriglish Patent, 2,743, ") 02 ). Merck 
prepares magnesiumperhydrol " by treating anhydrous magnesium oxide with 
chenncally pure hydrogen peroxide; thp jiroduct contains 15-25 per rent. MgO^ 
(Gemtan J’atenf, 171,^72). 

* Properties. —Magneswmi I^eroxule is a while amor|)lious powder which is only 
sparingly sflltible in water. It finds application as a bleaching agent and as an 
antiseptic (for wounds and skin diseases in the form of ointment). 

Zinc Peroxide, ZnO.„ i.’produced when aqueous solutions of xinc salts are 
decomposed with sodium peroxide, the product having a variable composition 
(Zn( 5 j -t-*ZnO). Merck treats anhydr«us zinc oxide with hydrogen peroxide; thee 
•product, “Zinc perhydrol,” contains about 50 per cent. ZnOo (German Patent, 
'7b372). Fqr otl^r methods of preparation see German Patents, 141,821 and 
‘ J5GI29- 

« 

Properties^— Zinc peroxidf a white or very jjale yellow powder. It is 
used as an antisepti« ^(both in the form of nowdet and* ointment), and is also 
serviceable for Srresting bleeding. 
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nyarogen. ircroziae, HjO^, is usually prepared from the cheaper peroxide, 
barium peroxid^.^^The barium'peroxid^ finely powdered, is added gradually to a 
suitable dilute aSd, hydrdbnloric acid. In this case the barium ift solution 
is subsequently.precipitated with, sodium ,sulphatf, so that after filtration a'solption , 
containing hydrogen peroxide and sodii^* chlorifie i^obtained. If'ddute«ulphuric 
acid is ^ployetf, instead of hydtochmric acid, after filtering cfff Jthe insoluble 
barium sulphate, at> aqueouS Vohrtiort of hydrogen ijeroeidc*is ol^ainei contaj^ing, 
however, sbme impiMtibs derived from the barium ^eroxieJe. Pho^piioric acid is 
also frequeiftly used tor decomposing the barium peroxide. Well ’"ashed carbon 
dioxide maf ^e passed througlh cooled water in viJiicli finely jViwflcred barium 
peroxide is suspended (Merck, (German, Patent, 179,771) ; the .insoluble barium 
carbonate is separated bj filtration. 

Ip order to obtqjn a pure aqueous solution of hydrogen peroxide, the pure 
hydrated barium peroxide is prc|)ared as previously described' (?ee Barium Per- 
OxidC). The moist product is added gradually with constant stirribg to dilute 
sulphuric acid (1 : 5)tnaintained*below 10° by the addition of ice. When the acid 
i% neutralised, the mixhire is stirred for some hours, allowed to settle and filtered. 
The usual concentfation of hydrogen perqxidc is 3 per cent, by weight. 

A concentrated soluliun of liydroffen )X“r(i\i(lc mav lie |)U))au‘d hv .ifUlini; sodunn jx ioxide to 
welLc^olcd dilute sulpl^unc acid (20 per cent. c.dcuLuefl amount). ()n Maiuiin”. alxuit two lliiids 
of ine^sofliinn sidpliale crystallises and is separated In- filiialion. 'llu lillrale i> disldlctl mdei 
diminished jiressure (Merc^). Merck's “perhydrol" the s(,-calleil too pei tent. h> loqen 
peroxide—contains30 per cent. ILOo. i>nc volume ol tlie solution )icMim; ioonoIuhhs oi oxvgc, If 
a coneenlimted solution of hydrogen peroxide he distilleil under diminished piessine, w.uei tiisiils mri 
first, and sulisequentl)^ nearly pure ludrogen perovuU- (9!) pei cent.) disi iK t)\er; hoihng point, 
84-8576^ !**•>*• or 69*726 min. Slaedel found that 011 cooling the (K> Jici cent, proiliui hy elliti 
aiuWiquid carbon dioxide (-80"}, ciystallisalioii oecuried, .iiul when a nut !eii> of this pjotlucl was 
introduced into the 96 ])er cent, liquid, jiure Iranspurent ciyslals of lodrogcn peifiside, M.!'. 2''. 

#|)arated. 

Ilydiogen peroxide may also he manufactured by the hydiolysis of permono siilplmiic acul in 
tlie presence of sulphur*^ acid. The liydrogen peroxide ma\ he obtained by ilisiillalion under 
reduced pressure or liy cxlractum with .1 suitable solvent. 


Properties. - I’ure hydrogen peroxide i.s iinsUiblc, sometimes de('omposing 
with explosive violence. The dilute a(iueous solution, however, is fairl)’ stable, 
but the decomposition (into water and oxygen) is particularly susceptible to catalytic 
influence (colloidal or finely divided metals, especially siher and platinum, c.irbon. 


iodine, and alkalies). ,The solution, however, m.ay be |)rc.servedJiy the addition 
of a little acid (phosiihoric, tannic,lind barl mine acids have beeirrecommended). 
.Hydrogen peroxide is an oxidising agent. It is (>in|)loyi:d for resl('’'ing pictures. 


the black lead sulpliidfc, formed by the action of sul])huri-tted hydrogen on white 
lead, being oxidised to white lead sulphate It liberates iodine from potassium 
iodide in the presence of ferrous sulplitiic - a very delicate test for liydrpgen 
peroxide, and distinguishing it from other oxidising agents., Whtfi a stjlutiffl of 
hydrogen peroxide is addcd*to a colourless soliitiofi o( titanium dioxide in sulphuric 
acid an orange or yellow colour is produced. One yart M H.X)., in ten million can 
be thus detected. Hydrogen peroxide is widely used as a bleaching rft;cnt, and as 
the only products of its decomposition arc water and oxygen, it is serviceable for 


bleaching materials that are»destroyed by acids, alkalies, chlorine, etc. Ostrich 
feathers, bone, ivory, wood, silk, cotton, teeth, and hair are all lileached by hydrogen 


peroxide, aqueous solutions of whit h constitute “auricome,” “golden hair water,” 
%tc. For bleaching wool, which is rendered a^ure white and does not .subsdliuently 


become yellow, the wool, after soaking in a dilute solution of sodium silicate, is* 


placed in a peroxide batH containing sodium stlicate. For veuj' deljpate materials 
I vol. of hydrogen peroxide (lo vols.) is diluted with to vols. of water. Some 


dentifrices consi.st of hydrogen peroxide mixed with^yjtsum a^id starch. 

Hydrogen peroxide is a,con5tituent of “ SaAitas,’’ and i? extensively used in 
medicine as an antiseptic, bfi|}g espectajly* valuable in th% trealrnent of alveolar 
abscesses and scrofulpus and syphili^ soi^s. 
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The concentration of hydrogen peroxide solutions may be ascertained tf) by titration with' 
standard i^tassiiim permanganate ^—=3,16 g. ^Mn04 ^r litre^ in'tly' j&esence of dilute 

^sulphuyc acid - KAIn04=.ooi/^ y. HgOgV (2) by treatment with excess of potaisiunt 

^ \ 10 f. ' / ■• * 

iodide solution subsequent titration of the iibcral^l io<Vnc with standaS'd thiosulphate 

pet cent.^olution of hydro^n peroxide on ciecomposition yields approximately ten times 
its owit^volume oxyg^'n (“ it) vtij. pji^pxicre”). - . ^ 


ff.— peraCids and their salts 

C [ 

LITERATURE 

^ T. St.A'IF.R Trice. —“ rcr-Acids and their Salts.” 1912. 

Pek.vcid.s and the salts derived from them contain,relatively ii.ore oxygen than the 
acids and salts bearing the same names without the prefix. ..The peracids, like the 
peroxides, may l)e divided into two classes:—(i) The'/rvre peracids,'which may 
either be formed by the action of hydrogen peroxide on the lower acifls or 
produce hydrogen peroxide as a product when decomposed wifti dilute sulphuric 
acid; and (2) the pseudo or false peracids {e.g., perchloric aor'd) which aaeiciot 
related to hydrogen peroxide in this manner. The true peracids and their*^ salts 
only are dealt with in this section. •' 

'I’wo persulphuric acids are known; iiermonosulphuric acid (Caro’s acid),*H.IS05, 
and perdisulphuric acid (usually called persulphuric acid), HACfj. ' 

Persulphuric Acid, H_,SDj, is produced when sulphuric acid (D. 1.35-1.5^13 
electrolysed at low temperatures (5“-io”) with a high current density at the anode, 
(Ell)s and .Schonherr, Zeit. Etektrochem., l, 417 and 468; 2 , 245). The ofjrrent 
density at the anode may be about 100 amperes per square,*decimetre. In the 
presence of sulphuric acid, persulphuric acid gradually undergoes hydrolysis to 
Caro’s ac 4 ,I, wliich in turn is further liydrolysed to hydrogen jieroxide and sul^liuric 
acid. * 

(1) }I.SA +• H „0 ITSO,, + iJaSO,. 

(2) H„SO„ -s II.,() ILSO, I 

Anh) drous persi^huric acid i.s prepared by adding anliydrqus liydrogen peroxide 
(i mol.) to chlorosulphonir acid (2 mols.). * * 

Properties.—The anhydrous acid is a crystalline solid melting at 65°. The 
‘aqueous solutifin lias strong oxidising properties. 

^rmonos^llphuric Acid (Caro’s^acid), II.^SO-, may be prepared by treating 
potassiunf persulpliate* with concentrated sulphuric aci(f. or by the action of con¬ 
centrated sulpli uric acid on concentrated hydrogen peroxide (Baeyer and Villijer, 
Ber., 1900, 13, 124, S58, and I'Jfiq). The pure anhydrous acid is prepared by the 
gradual addition of the calculated amount of 100 per cent, hydrogen peroxide to 
well-cooled chlorosul])h^nic acid, HoOo -T ClSOjH = H,,SO|., HCl. 

Properties.— The anhydrous acid is a crystalline solid melting at 45’. The 
aquqous solution is fairly stable, and possesses an odour resembling that of 
bleaching powder. In the presencS of sulphuric acid, Caro’s acid undergoes* 
•hydrolysis to hydrogen peroxide. This reaction is used for the manufacture 
j.of hydrogen perorfde, e.g., by distilling a mixture of potassium persulphate with 
sulphuric acid (D. 1.4) under diminished pressure (German Patents, 199,958, 
*17.538. 217.539; English Patehts, 24,507 (1905),*3,660 (1910)). 

The be.st known ’salts of peisiflphunc acid are the.ammonium and potassium 
salts, which werf first •fwepared by Marshall* in 1891, Chem. Sae., 1891, 59, 

77r; Journ. Soc. Chem. Ind., 1897, 16, 396). 
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Ammonium Persulphate, (NH4)2S208, is’prepared by the electrolysis of a 
saturated solutjoii oCamtnoniunt sulphate at a low temperature. To avoid cathodic 
reduction a diapMagm is usedi^aturatetf ammonium sulphate solution is’ placed in 
the anodic conjpartment, apd sulphuric acid (ii: i) in tho cathodic? compartment.^ 
The temperature of the anodic "solution Is maiittained at about 15° by a,stream of 
water ruryiing tbrou^ coils. Tlte aifcde consists’v>f smooth pUt'pum ,wire?, the 
anodic current dcb^ity"bein^50o-i,9oo*ampere'i pw stmart dccijnctre., Crys^ls of 
ammonium persulphate separate at the anode, and.'t-esh a:nmoniur9 Sulphate must 
be supplied The y^eld is increased by the presence of excess nf sulphijric acid, 
and also by the addition ol* hydrofluoric acid. TBe current eljcisncy is about 
70 pq; cent.* (Elbs, fourn. pr.-J^hem., 1893, 48, *85; Mufiej- and Schellhaas, 
Zeit. EUctrochem., 1907, 13, 257). 'Iti^ electrolysis may be ciarried out without a 
diaphragm if.the electrMyte is kept acid, and a high cathodic current density is 
emjfloyed (German Patents, 155,805, 170,311, 173,977). • ' 

Piotassium Persulphate, K.2S2O8, may be preplired in a similar manner, or 
by the double decoAposition o# ammonium persulphate with potassium carbonate. 

• Properties. —.Anthnogium persulphate forms monoclinic cry.stals and potassium 
persulphate, either sSiall prisms or tabulrw crystals. The latter salt is only sparingly 
soluble in water (*76 in too dt o“). The dry persulphates are quite stable, but 
their aqueous solutions gradually decompose thus ;— 

**, • * KoSjO, 1 ll.jO = 2KIISO, + O. 

The persulphates are Oxidising agents, liberating iodine from potassium iodide, 
oxidfting ferrous salts to the ferric condition, etc. Silver salts exercise a marked 
catalytic effect on’ the oxidising properties of persulphates. Alkaline as well as 
aci(J solutions of persulphates have bleaching properties. Ammonium persulphate 
is used technically for introducing the hydroxyl group directly into the benzene 
^fucleus, e./’., 0 nitrophenol is oxidised in alkaline solution to nitrohydroiiuinone. 
The ahimonium salt is also used as a density reducer for negatives; the potassium 
salt, under the name'’’‘anthion,” is used as a hypo-eliminator in photography, but 
its usi; appears to be open to objections. Many of the alkaloids give colour reaction 
with persulphates, and some of them (r..^., strychnine) are precipitated. / 

The esamation of persulphates is carried out liy heating the solution with ferrou.s sulphate at 
6 o“-8o", and titrating the excess o> ferrous iron hy means of standard pfttassmm permanganate. 

Perboric Acid has not been prepared in the free .state, but sodium perborate, 
NaB03.4H20, is a compound of consideralyle technical importance, and its prejiara- 
tion'is the subject of'many patenis. Wlic a 3 per cent, solunbn of hydrogen 
peroxide (120 part-s) is added to a saturated solution of boraTt (20 parts) containing 
■ sodium hydroxide (4 parts), the resulting solution slowly deposits sodium per¬ 
borate in a very jiure but rather unstalilc form (Tanatar, Zeit. p/iysikal. Chem., 
1898, 26, 132 ; and 1899, 29, 162). A coarsely crystalline and very stable product 
is obtained by dissolving borax (76.5 parts)*and sodium hydroxide ^21-6 jiartd^ in 
T40 parts of boiling waterg and jxiuring the reikilting solution, cooled to about 
6o“, into a 3 per cent, solution of hydrogen peroxide (950 parts). After tlfle 
solution has been well stirred, it is cooled to below 10* and allowed to crystallise 
slowly by standing undisturbed for some hofirs. The crystals are drained and 
washed with ice-cold water. A further crop may be obtairied by stirring powdered 
salt into the mother liquor. The yield is 88 per cenf. (Girsewald, German Patent, 
1907, 204,279). 

• A sodium perborate called perborax, Na.jJl^Og. i oHjO, is prepared by gwdifally 
adding an intimate mixture of boric acid (248 g.) and sodium peroxide (yS-g.) to 
well cooled water (2 1 .). . The separated crystalline product, a/ter drying in air, 
contains 4.2 per cent, of active oxygen. V cannot be recrystallised from water, 
the first fraction which separates containing more, active oxygen, and the later 
fraction less active oxygen than the original salt. 

If hydrochloric acid, equi'ftlent m amount lodralf »hc sodium in perhcjan, is aiSded to an aqueous 
solution of the sail, ordinary sodiutr? perborate separates. 
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Properties. —Sodium perboi^te contains a high proportion of active oxygen 
(10.4 per cent.). The aqueous solution is distinctly’alkaline, and coBtains hydrogen 
peroxide. ° The salt is only sparingly soluble in wktur, but if* ft added to dilute 
sulphuric acid', a highly concentrf.ted solution of hydrogen pero)i,jde is obtained. 
The aque,)us jolution exhibits pxidfsing properties, liberating,iodine from [wtassium 
iodide, oxidisT’i^' ferrous to ferric salts, etc. Sddium perbSfate is employed as a 
wasfiifig and'bleaching ^lenr. 4® a,'washing agrjnt it pojsesles aJI the advantages of 
sodium peroxide, withoit manf of the disadvantages of that cuWipound. -The older 
“ dry ” soaps consisted of soda, borax, and soap, but most of the modlrn washing 
powders contAin .sodium perborate or “perborin.” "^Perborin M ” is<a mixture'of 
soap, soda, and sodium perborate ; “ persil ’’ conrists of soap, soda, sbdiura silicate, 
and sodium perborate; and “ clarax ” of sodium phosphate, borax, and sodium 
perborate. 

Ammonium Perborate, NH,BO„.}H./), is obtained by adding ammonia to 
a solution of boric acid in aqueous hydrogen peroxide (2.5 per cent.). Barium, 
calcium, strontium, and copper perborates have been prepared, but they are 
unstable. The amount of active oxygen in a ])erborat“ is ascertained by titraticn 
with standard potassium permanganate in the presence of 'dilute sulphuric acid. 
Another method consists in treating 0.1 g. of the samjile with .vn acidified solution 
of ferrous ammonium sulph.'ite, tlie excess of which is subscutiently titrated with 
titanous chloride (foi/rtt. .Sue. Dvers, 1910, 26, 81). ' .•<• 

Percarbonic Acid has not been iirejiared, hut the potiissium salt was prepared 
by Constam and Hansen in 1S97. ► ^ 

Potassium Percarbonate, K.,(,\ 0 ,.,, is prepared by the electrolysis of a 
saturated solution of potassium carbonate at 10" to i6“. ^Vhen the curtent 
density is 30-60 amjieres jier square decimeter, aqueous potassium carbonate Of 
den.sity T.56 on electrolysis at - 10” gives a yield of percarbonate equal t<j 85-95 
per cent. (Zeit. Rlektrochem., 1896-7, 3, 137). , 

Pronerties. —Potassium iicrcarl'ionatc is a [lale blue hygroscopic [lowder, 
which decomiioses readily on warming 

- Kt'O; f ('(c f yi. 

It dis.solves in ice-cold water with [iractically no decomposition. Potassium 
percarbonate is an oxidising agent, qxidising lead sulphiiie to lead sulphate, 
decolorises indigo, and bleaches cotton, wool,iand silk. It is used as a bleaehing 
agent and in pliotogrffphy under the name “Antihypo." By adding alcohol to a 
solution of sodium carbonate in 3 per cent, hydrogen peroxide, Taiiatar obtained 
a product having a composition corresponding with the formula Na.,CO|.iAH„ 0 . 
This product, however, in many respects differs from true per-salts, and consequently 
son?^ djemisti’ believe it to be sodium carbonate with hydrogen peroxide of 
crystallisation, Na.,CO...H./)..|H^). 

Sodiu^ Percarbonate, . Na,,(.',, 0 |„ is prepared by adding sodium peroxide 
slowly to ice-cold absolute alcohol^ Dry carbon dioxide is then passed into the 
mixture at o°-5° foi some hours. The crystalline mass is separated and washed with 
alcohol and ether. '' _ * 

The prejiaration of a sodium percarbonate, NajC04.iH„0, from hydrated 
soct/uiq peroxide and carbon dioxide, is de.scribed by Wolffenstein and Peltner 
{Ber., 1908, 41, 280 ; see also GermSn Patents, 145,746 and 188,569). * 

This product is used as a disinfectant and for the preparation of hydrogen 
peroxide. » * 

Percarbonates arc estimated by tr^*atin^ a* weighed quantity of tlie sample with dilute sulphuric 
acid, and tilraling^tln.' l^\flrogcn peroxide formed with standard potassium permanganate. 

Salts of sei'eral py^icr peracicls have been prepafed.^but at present have no 
technical inipoTtance. ■ 
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PREFACE 


The present .volume deals with some of the most important 
products of, th<i Chemical fidusfry. Tl\e elemeni Chlorine has 
, steadily increased, ,decade by ylecade, in ycommercial importance 
until the pnesent time. The world’s annual production of this 
,dejjie«t cannot be much less than 150,000 tons—enormous 
anurortts ‘being used in she manufacture of bleaching powder, 
l^pochlorites, chlorates, perchlorates, and certain complex carbon 
compouncfs frcym which synthetic dyes are derived. , 

The magnitude of the bleaching industry and, its close 
connection with the textile and dyeing trades are too well 
known to need further comment here. 

It is well, however, to refer to a change which is gradually 
coming ovpr this branch of industry. Whereas formerly 
practically all bleaclying was perforfliixl by means of chlor>ine 
absorbed in lime—the well-known bleaching powder—at the 
present time a considerable and growing quantity of bleaching 
liquids are pr(»duced on the place of use by electrolysing brine. 
Special attention has been devoted to this recent clerelopAient, 
as well as to the subject of electrolytic chlorine and alkali. The 
comparative neglect of electrolytic methods in Great Britain, and 
their highly developed condition in the United’ Statesiand in 
Germany (where no less than 66 j per cent, of the bleaching 
'-pojrder mtide is pRtduced from electrolytic chlorine), are matters 
of serious copsideraiiqn at the present, time; indeed, further 
tieglect may lead to the^, undermining of •’thd^ British, Alkali 
Industry. In the presenf book the most recent, available inforniy- 
tion is given•>6f electrolytic methods for manufacturing,chlorates 
an'd perchlorate?—substcflic^s especially valuaBlg on “account o£ 
theii; oxidising and explosive ,groperties. 
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, Bleaching pdwder has*been’d^alt jvith at coivsiderable length'. 
This* sjubsta’nce has ac(|uired especial imporfancb* on .account'*of 
its vafuable«disinfecting prpperties.* Indeed*;the large Kale 
employment of blfechhg ^wde»/in* jjiodern^war|pr9 has‘been 
largely res*p»nsible Tor the greafly lowered mortality* due to’ 
disease. 

The employment of chlorine gas in^warfare—first practised 
by the Germans in 1915—has turned the attention o^ tRe whola 
world to liquid dhtorine, and hence no apology is jieeded for the 
detailed account which* is given of the,methods efljployed for 
liquefying and storing’this substance. Indeed the employment* 
of poisonous gases by the Germans has brought Home at last 
to the general public that this is essentially a chemical^ war, 
that chemistry is destined to play a great part in the future iH 
deciding the rise and fall of nations. Our grave peglect •f 
chemical science in the past has undoubtedly c<^t the country 
many thoiBands of valuable lives and hundreds of millions of 
pounds. 

The final chapter, written by Mr G. W. Clough, gives a 
conftise account of some modern oxidising agents which hgve 
become important within recent years. The article deals with 
peroxides, persulphates, percarbonates, and similar substances; 
and it is hoped will afford valuable inTormation which otherwise 
would have td be obtained from scattered and often inaccessible 
periodical literature. 
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Available chlorin;j, 44 
-- oxygen, ^ 

B 

Bariugi peroxide, 89 
Bell process, 21, 22, 23 
Billiter-Leykam cell, 18, 19 
Billiter-Siemen cell, 18, 19 
Bisulphale, potassium, 81 

— sodium, 81 
Bisulphite, sodium, 71 
Bleaching, 44, 45, 89, 91, 94 

— electrolytic, 48-54 

Bleaching' powder, 3, 43-47, 61 ; available 
chlorine in, 47 ; composition of, 43 ; 
constitution of, 44 ; decomposition of, 
44, 45, 48; deterioration 0% 48 ; dis¬ 
infecting properties of, 48 : manufacture 
from concentrated chlorine, 45-46; 
manufacture from dilute chlorine 47 ; 
packing, 46 ; statistics of, 3, 4 ; storage 
of, 46, 48 ; valuation of, 48 ; yield of, 
16, 46 

Bleeding, arresting of, 90 
Bromide, iron, 68 

— magnesium, O5,67 

— potassium, 68 
Bromine, 65-68 

7 


Bromine manufacture by chlorine process 
65, 66 ; manufacture by electrolytic pro¬ 
cess, 67 : properties of, 67 ; purification 
of, 67 ; statistics, 68 ; us^s, 68 
Bromine sait, 68 
Ivromum Si 'idificalion, 68 

c 

Calcium chloride, 9, to 

- fluoride, 81 

— hypochlorite, 44, 45, 47 

— peroxide, 90 

(ialiche, iodine content 6f, 71, 72 

Carbon anodes, 16 

Carboys, 60 

Caro’s acid, 92 

Castncr-Kellner cell, 19,20 

Catalytic action, 7 

Caustic potash, 24, 25 

— soda,24, 25; electrolytic production, 13-25 

Cellarius receivers, 58, 59 , 

Cells, electrolytic, 14-23, 37-38, 59-54 
Cements, 10, 85 / 

Centifygal atomiser, 84 

Chlorate, potassium, 35, 36, 37 

- sodium, 35, 36 
Chlorates, 3, 35-38 
jChloride of lime, 3 

Chlorine, 3-31, 65, 66 ;Vbsoi ption of, by 
lime, 45, 46, *(7 ; action on iron, 47 ; 
cylinders for liquid, 30, 31 ; Deacon, 9 j 
displacement of bromine by, 65 ; loj 
bleaching powder manufacture, 45, 47 ; 
from calcium chloride, 9, tofrom 
magnesium c|jloride,* 9, ip; ‘Aquid, 
2<)%2 ; properties of, 25, 31 ; pumps, 30, 
31 ; stills for, 4, 5 ; Weldon, 6 ; uses* of, 
3 ; yilld of by electrolysist 13, 14, 16 
Clamx, 94 

Concentration of alkali liquors, 24 
Contact processes,*?, 8 
Copper chloride, 7, 8 

- sulphate, 7 

Cugrous iodide, 74 
Cut-weed, 71 
Cylinder acid, 60 ^ 

D 

• ^ 

Deacon bleaching porrdenapparatus, 47 
I chlorine, 9, 47 , 
process, 6, 7-10 
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Dentifrices, 90, 91 

Diaphragm process of electrolysis, 14 
Disinfectants, 48) 54> 85 i 9 °. ,94 
Drift weed, 71 
Dry soapn, 94 
Durion, 59 


Eau de ^vel, 3 ’'» 

Efficiencies of elecfrolytic 1 ais, 19 
Eggs, acid, *59, 60 , 

Electrolysis, alk^i ijhlojide, 13, 2^; energy 
' required for, 14 ;.tneory of, 13, 14, 16, 
32, 23 

Electrolytic bleaching, 3, 48-54; Haas and 
(Htel’s cell, 52, 5j;.Schoop’s cell for, 
54 ; Schuckgrt’s cell for, 53 ; Siemenand 
Halske’s a])paratus for, 51 

— cells, efficiencies of, 19 

— chlorine, 3, 13-24, 45, 4 ' 

— process, for bromine manufacture, 67 ; 

for chlorates, 36 
Elevators, acid, 60 
Emulsators, 60 

Enamelling, use of fliiosilii ales in, 8; 
Energy, electrical, required for electrolysis, 

14 . , 

Ev.aporation of alkali liquors, 24 

F 

Einhay cell, 18, 19 
Floorings, cement for, 10 
FI mates, 85 
Fluor spar, 81 
FluorTde, calcium, 81 
Fluosilicate^sodium, 85 
Fucus pnliiiiiliis, 71 
Fused electrolyte process, 23 


• • . 

Hydrofluoric \cid, 79-83 : manufacture of, 
79-81 1 properties olfi 82; purification 
• of, 81 L specific gJatstyVi i storage, 
82 ; transport, 82 ; useS, 83 
Hydrofluo/sifieic acid, 85 
Hydrogen, compressfd, 15, 25 
j HVdroJen peroxid^ 91, 96 j 

I Hypofhlorit9,-«alcii}m,.44, 45 , ^ 

: — potassium, 3 _ , 

— sodium, 49 f % 

I rfypochloritfs, decon^iosition 44, 45, 47 , • 
i 48 aft ; electrolytic produ^etTon of, 48-54; 

] , sbalility of in solution, 49 ; uscras dis¬ 

infectants, 54 

Hypochlorous aci8, 44, 45, 4^ 


Iodide, cuprous, 74 
- potassium, 7;, 75, 7 ^ 

.— sodium, 73 » 

Iodides, iiFaali, 75 „ 

Iodine, 71-76; caliche content of, 71, 72; 
electrolytic, 72 ; , manufacture ,/rom 
caliche, 73 ; manufacture from "set weed, 
' 72 ; manufact«re from phosphates, 75 ; 

occui fence of, 71 ; properties of, 75; 
imrification of, 75 ;.seaweed containing, 
; 71, 72; statistics, 76; sulphuric acid 

I containing, 60 ; test for, 75 
1 Ions, 13 

I Iron, protection frpm chloiinc, 47 
i - biomidc, 68 
I - oxide anodes, 15*" 
j Ironac, 59, 60 


J 


Javcl water, *4 3 


G 

(lall-Montaux cell, £7 
(iibb’s cell, 37 
Glass, etching of, 83 
— milk, 85 
( 5 olden hair wateT, 91 
Graphite, purification of, 83 
Grieslijim cell, i-^, 19 

• • 

. H 

Haas Ottel’s ntll, 52, 53 
Hargreaves-llird cell, 16, 19, 

Hargreave’s process, 57 

Hasenclever s bleaching powder, a]iparatus, 

46 ,47 ^ . 

Hvdiochloiic and, 9, 10, 57-61 ; absorption 
iJy rfater, 59 ; agricultural damage,by 
fumes of, 57 ; Alkali Act for, 57 ; arsenii 
in, 60, condensation of, 57, 5^, 59, 
60; exit ^ase# containing, 57, 60; 
manufacture of, 57, 60 ; projierties of, 67 ; 
purification of, (jP, 6« ; receivdt-s for, 58 ; 
specific gravify of. 62 ; storatie ‘of, 60 ; 
sulphur dioxiic in, ; sulphuric acid iri,, 
60 ; technicafuses of, 61,; transiiort of, 60 


K 

C 

Kellner’s electrolytic cell, 49, 50 
Kel)), 72 


L 


Lc Sueur’s cell, 1 7 , 18 
Lead, electicijtic jirecipitation of, 85 
Ledcrlin-Corbin cell, 37 
Leopoldshall, 10 

Lime, double compounds with calcium 
hypochlorite, 47 ; foi bleaching powder, 
43. 454 mixing tank for, 5 
Liquid chlorine, 3, 29, 30, 31, 32 
Lithopone, 90 


M 

Manganese dioxide, 4, 74 
— hydroxide, 6 
' — oxide, 6 
Marble, artificial, 10 
I •Milk glass, S5 • 
MonochRri^acetic acid, 29 
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Magnesia, lo 

Magnesium brorai^’, 65, 67 

— chloride, q, icj. , * 

*—oxychloride, ib* *’ 

-t- oxychloride c,e*ients, 10 

— perhydrol, 90 

— peroxid^ 90 


, Potassium perchlorate, 39 
j — persulphate, 92, 93 
I Powders, washir^g, 94 
; Pumps, acidf 60 ^ 

I Puril]cation of hydrochloric acid, 6C| 61 
, Pyrsiusitf, 4 


Neustassfurt, is 
Nitrohjffroquinone, 93 


Quicksilvej- process of electrolysis, 20-21 


R 


O 

0 -Nitrophenbl, 93 
Oi’Jhenin-Chalandrc ccll,’i 
Oxidation towers, 5 “ 
Oxone, 89 
Oxylith, 89 


P 

Parafo-m^dehyde, 90 
P^chiney process, 10 
Per-acids, 92-94 
Pcrb rate, ammonium. 94 

— <»odium, 93, 94 

Pe. oorax, 93 
Perliorii. acid, 93 
Perboi in, 94 '• 

Perborm M., 94 
Percarboiiate, |)Otassium, 94 

— sodium, 94 , ' 

Percarbonic’acid, 94 
Perchlorate, ammonium, 39 

- potassium, 39 

— sodium, 38, 39 
Perchlptates, 38-39 
Perhydrol, 91 
jj^ernionosulphuric acid, 92 
Peroxide, barium, 89 

— calcium, 90 

— hydrogen, 91, 92 

— magnesium, 90 

— sodium, 89 

— zinc, go 
Peroxides, 89-92 
Persil, 94 

Persulphate, ammonium, 93 

— potassium, 93 
Persulphates, estimation of, 93 
Persulphuric and, 92 
Polyoxides, 89 

pAash, 24, 25 
Potassium bisulphale, 81 
~ bromide, 98 

— chlorate, 3, 35, 36, 37 

— chldride, electrolysis of, 24, >5 

— hypochlorite, 3 

— iodide, 72, 75, 7(1 

— percarbonate, 94 


Rhodin’s cell, 21 


s 

• ; Salt, cleclrolybis of, 13 <’/ uv/.: boat of 
formation, 14 ; solulnlity m raustir soda, 
24 

Salt cake process, 57 
1 Sanitas, 91 

Schoop’sa|)i>aratusforeleclrolvtic ble . hing 
' 54 

ScluK kert’s apparatus for electrolytu bleach* 
• iny. 53 

Seaweed, iodine in, 71, 72 
Sicinen and Ilalske’s aiipavatus for electro¬ 
lytic bleaching', 51, 52 
Silica, fused, 59 
Silicofluoridc, sodium, 8^ 

Silicon retiafluonde, 82, 83 

Silk, remo\al of weighting m/ttcr from, 

Soaps, dry, 94 
Soda, caustic, 24 
Sodium l)isulphate, 81 
^ ■ bisulphite, 71 

— chlorate, 3, 35, 36 

— nuorsilicale, 85 ^ 
hyixichlorite, 49, 54 

- lodale, 71 
iodide, 75 

—- perborate, 93, 94 
; — jiercnrbonatc, 94 

— perc]|lorate, 38,59 

- peroxide, 8<^ 

— silicoflL%)ndc, 84 

— swlphate, 57, 60 
Sob ay-Kellner cell, 21 
Sore! cement, 10 • 

Stassfurt, 9,^65 

Still, for chlorine, 4, 5, 6; foi h\drofluonc 
acid, 79, 80 ; for iodine, ^2, 73, 74 * 
.Stone, artificial, 85 • 

Sulpliate, sodium, 57, 60 * 

Sulphife, sodium, 71 • • 

Stlphur dioxide, in hydrocl'loric acid, 60 
‘ Sulphuric #cid, iodine in^ 60 
Superoxides, 89 • • 

, Sij^erphosphate den, 83, 84 
Superphosphate indtiStry, 85 
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Odells, 74 

United Alkali Comp^nji 35 
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Vacuum pans( 24 • ^ 

Vanadium compounds, 38 
Varech, 72 
Vaseline oil, 75 
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gashing jSowders, 9^ 

I Water pcfOTr, 14 
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' powdSr from, 45 
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■ -• process, 4. * 
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CHAPTER I 

The Manufacture of Chlorine by the Weldon 
and Deacon Processes 




•CHAPTKR !• 

tHE;-MANU’FACTURE OF CHLO- 
IFTNE-BY the* WELDON AND 
DEACON PROCESSr:S 

LII'ERATURE 

• 

full account uf the suhjcct, tncliicling literature, ^ee th Lcnck, “.Suiphiiiie .Acid and 
Alkj)* IMusWy.” 1915. , 

flEnFKRKY Martin and R. TtA.NCAsTER tuve a full .leenunl of ihe jtioperlies of t.’aseci . and 
lu)ui(l elilurine in \’iil. VIII. ol “.Mmlml In(irj;anit Chemi^tli." Rdlletl liy Keilton 
Frl»nd. 1014. 

•See also Ilin.*lN(:, ‘•I'nrtschritly; in der Fahrikatiiiii der Vnoit^aiiistlten Sauien, der AIk.ili»i, 
des Animoniaks utid Verwandter Indiii.lric/,weit;e.” lierlin, 1005. 

See alvi the rekiences iiiidei “Deacon rrocess.” p. 7; under Rlettrolfiic Chlorine and 
Alkali,” p. IJ : and under “ laipiid ('hlorinc,” p. 29. 

Until recently .nlniost till the cliloriiie produced was made from Jiydrochloric acid, 
either by the Weldon or hy the Deacon proce.ss, the hydroehlnrir .acid ft#' the 
purijiose being obtained by treating salt with .sulphuric acid (salt cake process). 
Within«the last few years, however, more than half the world’s supply of chlorine 
has been obtained by electrolysis of brine sol«tions, which hitter method yiij|ds, 
according to slight alteratfons in the conditions of electrolysis, chlorine, chlorates, 
bleaching solutions, also catistic i^ida and sodium carbonate. .A*i account of each 
of the.se methods will be given in due course. 

'I’he main use of chlorine is for the bleaching of paper and cStton. The oldest 
bleaching fluid pW on the market was “ Eau de Javel ’(I’aris, 1786), a .solution 
of potassium hypochlorite. Eater, this was displaced by the chAifier anc^ more 
convenient solid “bleaching powder” (Tennant, 17199, in (llasgow), which at the 
present time is manufactured on a*very large scale, and is sold under the trade 
names of “chloride of,.lime ” and of “ bleaching powder.” More racently, after a 
century-long monojioly, a serious rival to bleacljjng jiowailer has arisen in the 
electrolytically produced bleachinc fluids (“electrolytic bleaching”), ^hich are 
produced by electrolysis of brine mi the place of use, becau.se the liquids soon 
decompose on standing. • 

The main use of *hlorine is, therefore, the production of these bleaching 
materials. Howevt#, large quantities of chlorine art'now employed for chlorinating 
various organic pwducts in the intermediate images of synthetic dye production, the 
chlorine for the purpose being put on the market in a liquid! foftn in steel cylinders. 

The manufacture of chlorates <!f sodium ant^potassium has attained coiftiderable 
importance, these products being u^d for tbe production^of Cixplosives and fifr 
oxidising purposes# 

Statistics. —According to ICrnt||Scn M909) the .world's producii^i of blcaijling powder Ls 
estiinatea at 300,000 me#ic tons yearly, Gernumy producing in 1905' .soipe 85,000 ions, 50,000 of 
which were made from electrolytic clilorine. riurope at present pRiduaes some 9,000 tons of 
chloratts, ' “ 
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The following figures relating to Gerfnan chenSical industry are inteiesting as Rowing ttii great . 
varia'tions in prictf and'quantities of pie products, fiactiritions traceable to the rise of electrolytic 
bleachirig processes':— • •* ■ 

Bleaching Powderc 

' ' , . ,*905- r '909' 

^^oror 30,3°° 9° “>»t'ts. 26,100 ton* at 90 marks. 

' The German itiptirt of potassium cfllorate is given ICjj the following figures;— , 

iS05-t r • ■905- • r 1969' 

Excess <^im^r4 \ * g^o marks. 1,020 tcShs at 530 marks. 100 tons at 620 marks. 

over export. J ' ^ . r * . • . 

*• The manufacture of chlorates is most advantageously carrjiid out in countries provided with 
cheap water power, and the industry is rapidly developing on such sites. 

The Weldon Pcocess. —The process rests on the oxidatioi) of'liydrochloric 
acid by means of ti^nganese dioxide. The exact nature of the reaction is disputed,* 
but is usually represented by the equations— 

MnOa<+ 4UCI = MnCI, 4 .211,, 0 . 

Manganese Hydrochloric Manganese 
dioxide. aci<l. tetrachloride. 


MnCU = 

Manganese 

leifachloride. 


r MnCl. I- Clo. 

Manganese Oilurine 
dichluride. gas. 


The manganese dioxide (pyrolusite, black oxide of manganese), MnO.^, is largely 
mined in Spain and in the Caucasus mountains. It is impure, usually containing 
iron. Its value, technically, is judged by the amount of “available- oxygen" it 
ctftitains. 


Tlie availahle^Txygen is estimalecl as follnwh :— 

Manganese dioxide is disstilved in sulphuric acid in the presence of a known excess of fcrrou.s 
sulpha^i. The anumiU of ferrous iron oxidised to ihc ferric stale is then determined by volumetric 
titration in the ordinary Va). 

Another process is to heal llie manganese dioxide with hytlrochloric acid. Chlorine is evolved 
equivatent in value U> the “ available ’’ oxygen. This chloiinc is received in a solution of potassium 
iodide, an<l the itKlinc .set free is then estimated by titration with sodium thiosulphate. , For 
dejj^ils of these processes books on cliemical analysis should be consulted. ^ 

By a special process to be described the used manganese dioxide is recovered 
and used again, sn that in practice the only natural manganese dioxide required is 
that needed to cover the unavoidable working Itsses, which usually amount to 3 
per cent, on every,too parts of bleaching powdffr made. s 

The working details of the process are as follows (see Fig. i);— 

A is the chlqrine still. It consists of a still made out of some 6 or 8 granite or 
sandstone slabs fastened together. The still is usually 9 or 10 ft. high and about 
6 or 7 ft. in diameter. At the top is an earthenware inlet pipe, and at the bottom 
is a pipe for running off the manganese chloride liquors. A steam inlet pipe, 
encased in earthenwar'e or sandstone, passes nearly to the bottom of the still, and 
allows its contents to bfe heated oy live steam. 

The ofJculated Imount of hydrochloric acid - having been run into the still, the 
calculated amount of manganese dioxide in the form of recovered Weldon mud is 
allowed to gradually flow in, and chlorine gas is developed in a regular stream. 
When the action slackens thq^ contents of the still are hkated by live steam until 
theliqhid boils, when the reaction MnO.,+ 4HC1 = tonClj + Clj^ 2 HjO is completed. 
The hydrochloric acjd will be almost ‘completely used up if it is of the right strength, 
viz., i 8'-20° Be. * 

••If, instead of Weltfon mud (recovered ni^nganese dioxide), natural manganese dioxide is to be 
used, the pyrolusite, brok 4 ;n into coarse pieces, is placed ii. a different still from that used for 
Weldon mud, Jseingjilaced on sanclslone or earthenware grids, and steam is the," blown in. 


^ See discussion, Gedffrej^Martin and DancaswFs “The Hal<^ens.” ’• 

*.One cannot partially leplace the IICl by 114804*., otherwise the Weldon recovery process 
becomes impossi1>le. ^ 
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• big'works several stills are* in u)e at once, the chlorin* being fednnto a common 

^ducting pipe. In u/der to cot out a»y jive^ chlorine still the followinf detoce is resorted to 
&ch still 1 ^ an exit Uibe B^Fig. a), which communicates witlg the main chl8rin% tonducting pipe A 
by means of M time shaped as m the figure, the tubes being joined up chlorine-tight throjigh’a water 
se« at ce. WheiTit is decided to cut off the chWrine generatoiWconnccted with B, all that is 
necessary ig to pout wal^r down «^ as to £11 up the U tube with wattr. • , 

Wbpn communication between n anj A%is 'to be Jeopened? the water jn the U tubp<is run off 
by withdrawing the^stopper/• * • •• 

Some sfiali factories (such as bleaoiersV generate theft o#n chlorine in eart^eaware generator#, 
such as that illustrated in Fig. 3. M<»re usually, however, these Jmall iiscrs#lmy chlorine in the 
liquid state (at Jess thdh 6d. per pound) in steel cylindeis^see f# 29* • 



When the action is completed the acid manganese chloyde lic|uors are run from 
the still A (Fig. i) into the cemented tank b, whfeh is pitivitjpd with a mechanical 
stirring apparatus and a pump Here the liquid is neutralised Vith lime, 
Ca(OH)2, whereby iron hydroxide, Fe(OH)5f and other impurities are precipitated. 
The liquid is next raised by means of the pump c into the iron settling tank n. From 
here the clear mg^ganese chteride liquors are run into the oxidation towers e,k. 
These are tall jj-on cylinders, some 30-40 ft.,high and 6-7 ft. in diameter.* Steam 
is blown in so as to raise the temperature of the con(^ined manganese chloride 
liquors to 55° C, and then the Calculated amount of milk of lime is lun in from 
the tank f. 

The lime is sla£8d in the mixer c, thence the fluid ma.s.s is run into It and jumped up through 
the pump ] into the lime tank % ■ r r r „ 

Meanwhile corrFpressed air is blown into the towers %k, issuing from perforated 
pip« placed near the bottom of th«,towers. k is the«duplex blower, i. the air 
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reservoir, and mm air conducting pipe. The air is blown through the^varm. 
liquid for some fou> to five hours before the arcifiation'of the'manganese pres'ent 
to maffganese dfoxide is complete. • , '*••** * 

The chetpical nifciianism (/ the action is not completely understood even after years of research. 
It seem«liiat first of all the lime* Ca(OIIJ>, first p|icipitates manganoJb hydroxide,^n(Oii)o, 
thus:— • p • 

• ^ . MnCL + Cii(<Oir^, = Mn(OII).. + ftaCI, + H./j.*' 

The a w^iite substance, ^ill laRe up oxygen spontaneously from the air^until it reaches 

the grade of oxMalion Mn.. 0 .t; however, if excess of^lime or.NaOH is preser*t, the oxulalion will 
•proceed further than this, ^ind the manganese oxide will be oxidised almost completely to tfie MnOg 
state, forming a black body of com[>osiii(>n varying between CSO.MnO., and CaO.^iMnO.j, so that 
the regenerated “Weldon mud” coijuuns chenucally united liyie (CaO). It is reni'H'kahle that,^ 
apparently, a trace of solution appears tf> be necessary liefore the complete oxf^alion will take* 

place. ^ * f «• * * 

The action is carried out in such a manner that a “ mud” cimtaining as little CaO as possible is^ 
aimed at. The active comppnent in. the mud is, of course, the amount of present, each 

molecule of MnO.j jireseni corresponding to the evolution of 2 alff.us of Cl. ^ 

The progress <.f the oxidation is fdlowed by withdrawing s;implcs of liquor at frequent intfevals 
and titrating the blackening mini with fenous sul[»hale solution aneV j>otassium permanganate. 



Towards the end of the action tbc excess of lime is as fai as possible got rid by lunning in more 
manganese chloruU solution so long as a precipitate of Mn{(>ll)ois caused by tlic fiee lime still 
remainii^. • 


When the process of oxidation is known to be complete the Weldon mud is run 
out of the bas«» of thotowers k,k (by means of the stopcochr; n,n) into the settling 
lank 0. Thr mud seKjes to tUe bottom of this tank, whent:e it is run into the 
chlorine s^U a one* more, and so used aguiq The aqueous liquors, principally 
containing calcium chloride (see equation above), is drawn off from the tank o, 
and either run to waste or worked up’ln some other manner. 


No less than 70 jier cent, of tht total chlorine of the hydrochloric ay.d remains a.s a wa.ste 
product tn this calcium chloride, a lo;>s of chlorine which causes the Weldon process at the present 
time only to be worked in those districts wbeire hydrochloric acid does not command a good price, 
and where the calcium clikiridi can lie utilised. ^ 

c^o far as can beoascertained, the Vj’’eIdon process is not extending at the present 
time, the under^describ^d Deacon Process (where the waste oC chlorine is less), 
and also electjfolytic* methods of manufacturing chlorii;>e, steadily gaining ground 
at its expense* (see p. '9-). The clil 5 fine evolved 'irom the ^eldon Pr&CeSS, 
however, iS’very coiiientrated, sometimes ^amounting to 90 per cent, by volume 
of the evolvedigas. 
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jHE DEACON PROr-F'^S 

LITEKAXyRE 

See ref^ences on p. ^ ; aiso - , 

• Haber.—“T hermodynamik techmscller HasreAtion.” *1905. 

Falcki!!<.STEIN. — 2 «y. physikal. Chem., 1907, 59, 313 ; •909^5, j,. 

, • • • • , * , 

The oxygfen of the air (*in be used to oxidis^ hyrjfocjlqjic acid to chlorine and 
water. Wheti a jnixture of hydrochlaric acid and air is led over a^hejited Shitable 
“ contact substance the following change takts place; — * 

4nci + (X. = 2Cl 4 2n..o. 

• - ’ * * 

This is the process of Deacon and Hurter. The decoinpositio^i, however, is by no 
^eans a quantitative one, and the unchanged hydrochlorit aci^ is recovered and 
used again. , "fhe icontact substance employed is usually cupric chloride, CuCl.2, 
heat^ to 450° C. *Cupric sulphate, CuSO,. has been used, but is not so efficient 
as ^Cl.,. 

• 

oThc action is essentially “ calalytii'," Imt it is usually suppuseil ihal Ihe lluC^U i.s first converleil 
in]o an*oxychloride, which is then, hy means oi lilt ill'l. roconvcrled into CuCE Eor example, 
Henj|stin gi^es the equations ; - 

* I. CuCE 2 (CuCE + CusC;!..,) + 4CI. 

2. 2(CuCl.j 4 CuX'l.j) 3Ciis('l,_, 4- 2CI. 

3. Ctu(:E"4- O S-' CuM.CE. 

4. CuO.tiuCE i 2ll('! — 2liut,'1.2 4 IIJ). 

l.unge and Marmier come to somewhat similar conclusions, which are, however, denied hy 
Levi and Iteltoni, wlio cannot find m the CuCE used any ('ii.X.’l.j or CuO.CuC’b. floreovei, pumice- 
stone impregnated with CuoCE or CuO.CuCE gave hetween 25o''.40o' no trace if Cil. Also, CU.SO4, 
chlorides of Ni, Mn, Mg, etc., also strongly heated pumice-stone alone, gave Cl when a ftiixturc 
of IICI ga.s and air was led over them. On this ground these .authors reject the “oxychloride’’ 
theory of the previous writers, and assert that Ihe Cl dues not come from the CuCl.2 at all, as this 
lattjr can be replaced by the SO4 or substances which do not contain Cl at all, and put forwnird the 
suggestmn that the catalytic action ol these substances is to be referred to the tendency of the 
sub-stanccs to form oxychlorides. Levi and Vogbera also carried out experiments on the us» of 
cat.ilysers such as CaCEj, MgCi^, HaCE, NiCE, CuSOj, CutJ, etc. 

Ditz and Margosches (l).R. Patent, 150,22(1, 15th June 1902) liave proposed to use as a contact 
substance the chlorides of the rate earths'(Tli, Co, La, Pr, Nd, elc.), which'occur as a by-product 
in the manufacture of ihoria for gas mrfnt^es. Tlie reaction tem|ier.iture is yoo’-hoo'’. With diluted 
(Jhscs it is stated that the reaction* takes 'place even better than with conc||ttratcd 40-50 per cent, 
gases. 

The reaction is reversible, following the ordtnary law of mass avtion :— 

2HCI 4- O *-7 HsO (steam) -t- CE ± 14,700 calories. 

At low temperatu-'es the reaction teiicis to proceed almost cqjnpletely in the 
direction from left to right, with the evolution ,')f heat, ^but so slowly as to be 
practically unworkable. As, how^tver, the temperature Tnertases, apujrently the 
attraction of hydrogen for chlorine increases, and the reaction tends to proceed more 
rapidly in the reverse direction from right to left, so that as the temperature increases 
the yield of Cl from HCl decreases. Consequently the lower the temperature the 
greater is the quantity of fiCI theoretically converted into Cl.^; but„at low 
temperatures tlte reaction proceeds extrenjely slowly, so that it is unpractical 
* to carry it out below 4oo°-43o° C. At a temperature siyih as 450° C. equilibrium 
is more rapidly attained, but th*e yield of ijhlorine is seriously diminished, and 
at temperatures much above,450° .notable aimounts of coppRr chloride are'lost 
by volatilisation.' • 

The most favourable practical,conditionj have been worked'out by Lunge and ^ 
Martnier {Zeit. angew. Chem* 1897, 105), who found th 4 t the cotitact substance 
shopld be kept between 4So'-46o“,C. Aove 460" C. serioSs Kisses of copper chloride 
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occ6r, while bfelow 440° C. the yield of yilorifte was bad dn accouitt of the slowness 
with which et^uilibrfcim was attained. <, , > •' * . ’ ‘ " 

Awe^ards th^theory of the pro#ess the reader should see Halier,^* ThefinOtiynagiflt technisclier 
Gasreakti6i>,” 1905, p. 89. 4 , 'oount investigation on the equilibriun^of the Oeacon process.has 
been published by^ogel voniFalckenstein, Zeil. physikal. Chem% 1907, 597313; 1509, 05,371-379. 

As jp afi chemical actions wh^e he.nt is evolved,pncrease of temperature increase^tne velocity 
of the reaction up to i poiM; antVbeyoiul Chat point thlr velocity of the reverse reaction fhcreases 
,vety rapidly. . t ' « * « c, ' 

It follows, tlierefore, that m in all chemical reactioits attended with the evolution of neat (see the 
“ Contact Process lor SO3 Jlaf.ufa9^*ure,’f Martin’s “Industrial Chemistry,”«Vol. 11 .), the lower the 
UmperB,ture mftre completely does the reaction take place in the direction ^ICl-f 0->’Cl2+Hg0, 
and cor&equently the moje completely the hydrochloric acid is turned into chlorine. UhfcJrlunately» 
••however, at low temperatures the reaction*proceed.s so slowly as to make it practically unworkable. 

It is only at 40o‘’-43o" that the action proceeds with CiiClg witli sufficient velocity to m^e the process 
technically workable. A.s the tempeCaiure inrreases up to 450“,*so also does the njjieiSty with which 
equilibrium is attained,^llhough the yield of chlorine per given amount of hydrochloric acid becomes 
increasingly worse on accouht of the increasing rupidily of the back abtion, H20 + Cl2->2HCl + 04. 
According to Haber/iheorelically at 430° C., some 75*85 per cent, of HCbii convertible into Clf 
whereas at 577'’ C. <.»nly 50 per cent, is convertible. Possibly^sonie advance maj come with the 
discovery of a more efficient catalytic agent than C'uCL. which works at a lower temperature than 
450* C. According to von Falokenstein, the be‘>f yield in the Dei^on process is obiaindB by 
using a mixture of 40 per cent. IICl and 60 per cent. air. Alxml 70-71 per cent, of the HCl gas 
entering the apparatus can be c<»nverled into C l. On drying the cooled gaseous mixture' by 
passing through concentrated sulphuric acid, and again pas.sing it through the apparatus, a 
of 82 85 per cent, of chlorine can be obtained, while on passing once more through the api^tus, 
87*89 per cent, jields are attainable. As regards the influence of prcsiture on the equilibrium, it it* 
a general law that an increase of pressure lends to cause a reaction to proceed in such a direction 
as to favour the production of products occupying a small volume, as the equation shows :— , 

4HCI + ()., = 2lf,,0 (.steam) + 2CI2. 

4 4 \ols. -f I \ol. '4 VflK + * vols. 

An increase nf [ircsurc .should Ihercforc favour the transformation of HCl into chlorine by the 
Deacon pioce.ss,^an(l Ftnicar (priiate communication) has suggested that a modified Deacon 
process carried out t nder pres.surc, and at such a tcmpcratuic as would just prevent the condensation 
of the'atcam, windd have a future befoie it. 

Fig. 4 shows one of the older forms of the Deacon plant, a is the salt-cake 
furnabe from which the HCl gas is evolved from the action of sulphuric "cid 
on salt. B is a (tipe leading off the HCl gases, c is a condenser in. which 
sulphuric acid, aqueous hydrochloric acid, etc., are condensed. E is the preheater, 
whe.e the entering gases are raised to the right tempftature, say 220° C., before 
entering the contuct a[)])aratus k.. This consists of a cylindrical iron tower f, 
surrounded by a brickwork wall m, whereby tlie.wliole can be heated to the proper 
temperature (about 43o°-45o° C.). In the central portions of the tower are piled 
layer over layer of baked clay or porous earthenware balls, prt viously soaked in 
cupric chloride solution and dried. As the CuCC is somewhat volatile, the entering 
gas is first sent through the system fiom below upwards, after which the direction 
is changed from above downwards, and so on in alternately reversed directions. 
By this arrangement loss of copper chloride is minimised. , 

The German patent, I97S955 (1906^ pioposes to use the double .salt, CuCl2.NaCl, which at 550* 
is not noticealily volatile with this salt the gas stream can he heated to 510" C., without much ■ 
loss of copper, whereas in the ordinary CuCl., over 460“, a con.siderablc loss of copper occurs. 

By means of this system about 65 per cent, of the HCl is, in actual practice, 
decomposed into Cl. The is.sjiing stream of chloj-^ne-ricfi gases escapes through 
the piihe h into a seiies of cooling tubes j, whence they pass' into the tower k, 
where they meet with a descending spray of water, which washes out the HCl gas,, 
but only absorbs a small amount of chlorine. (I'he aqueous HCl thus obtained 
is freed frbm chlorine by blowing thrsugh it a stream of air. 

■''ifrom the water* totyer the chlorfiie gas rlext passes' into the drying tower L, 
ythere it is dried by a descending stream of concentrated sulpBudc acid, the dry 
, chlorine eme?ging"at ^ ' • e. c b „ 

In its original form l^acon process suffered from some grave defects which rendered it 
unable at first to^compete with the Weldon process^* Th!* HCl was at first led directly from the 
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ajlt-ciiefurnaces iifto the coiftact apparatus* and^’t was found that th< latter ceased to work 
eHectwely because the unpurified HCl ga» cwried on sulphuric acid fumes, ferric chloride, arsenic, 
aiid.dust, wh|(h spoilt the con»ct substance.* Hasenclever, of alie Rhenania S'actcfy, was the first 
to make the prqaess fcaU^ successful. This he achieved by purify ing the HCl gas by first jbs 9 rbing 
it inwater, and. their liberatjd it arain in a comparatively pure staW by running in concentrated 
66° Be. (toy TwJ sulphiftic acid, aid finally blowing air througl the ficjuid. Tie HCI^ame over 
pure ih a steady stream, and was led directly iifto ihj contact«apj)waius. This proces&«^8 still 
worked on a veit large scale. • * 

At Mannheim, in* 1909, % further simplification was •intwduced in the pryes^by obtaining* 
directly in merh»ttical salt-cake furua,es (sA Martin’s “ IndustrialJChemistry.i’ Vol. II.) nearly 
pure HCl gas, free froirf arsenic,‘and'of a fairly constant •ittcn()ih, “onftsting, 'av, of 30 pM cent. 
HCl and 70 _per cent, air. This gas,is puriflbd by leading il through a series of iiellariys con¬ 
densers (Chapter VI.), whereby dustyind sulphuric aci (7 are deposited. Uistly, the gas is heated 
to about 220° C.',»and is led directly into the contact aiiparatus. ' 

• The chlSfSfle evolved in ftie Deacon prticess i? very dilute as compared to 
Weldon and electtolytic* chlorine. It u.sually amount.s to pnlyfS-ia (ler cent, by 
wlume, the rest bejng atmospheric nitrogen and other gases. Cfmsequently, it is 
difficult to use an osdinary “ghamher” for making Bleaching powder. The lime 



miyst be treated in a specialaapparatus invented by Hasenclev^ir, which will be 
described under bleaching powder (p. 46). 


The Deacon process is still able to maintain its position and even advance in spite of the growth 
of electrtilylic chlorine. In the Weldon process <>nly about one-third of the chlotific in the HCl 
is utilised, while in the Deacf»n process over 40 per cent, of the IICl is transformed into Cl, the rest 
being recovered as HCl, ami, moreover, the oxidation agent, viz., atmospheric oxygen, docs not cost 
anything. The disadvantagif 5 of the Deacon process are tlie trouble iti getting tlte plant to w'ork, 
the fretiuent loss of efficiency by the contact materials becoming useU‘ss,*and the loss of copper by 
volatilising or otherwise. ' • 

• ^ 

Preparation of Chlorine and Hydrochloric Acid from Mag^nesium and Calcium 
Chlorides.—Enormous amounts of magnesimn chloride, estimated at 500,000 tons, are run to 
waste at Stassfiirt (sec Martjp’s “Industrial Chemistry,” Vol. II., “The Stassfurt Industry”), 
simply because no ecoi^mic means tire known of transformiag these mother liquors into chlorine 
products. ** 

Many attempts PTave been ma‘le to obtain chlorifie and hydrochloric acid from magnesium 
Chloride, M^Clg. When the latter is ^stallised from its solution«it deposits as a snow-white 
mass containing water of crystallisation (MgCl2.2H20). • 

When this crystallised magne.sium chloride is meh '^1 it dpcomposes, foiming oxychloride 
evolving half its chlorine as HCl, lhus«— * 

2MCCI2 + IIoO = MgO.MgClg + 2HCI. 

If now the magnesium oi^chloriae rAiain^g behind*!! heated in a steeam of sle«m nearly all the 
chlorine is evolved as HO, leaving ms^csia, MgO, behind, thus ;— ^ 

MgO.MgClf + 2MgO + 2 HCl. 
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Thfs is a mcthfxl of obtaining IICl from M&CIjj ^^ich has actu^ly been jfcl into pr^tice, but 
without much success.# • ^ # • ■ * * 

• In order i<» obtrfn chlorine from ms^rnesiurit chibride or oxy^loride the substance mu^ be 
ignit^ in a stream of air when il evolves chlorine, but only incompletely ; <t d(^s*not meC but 
remains porous. This, essc^i^tially, was the Weldon and I’cchiney jjrocessf worked for a 4ime, 
but unsuccessfully, at Saliixlres in S. France, the magnesnlbi chloridt, being obtained by con- 
centr4in^the mother lujuors l^t after orystallisin| ()ul the salt, NaCl, the manuficture of salt 
being here a consiTleraWf iiniuslry. Similar procfesses were worked at WeustasSfurt and 
Leopoldshall«iu ^ermany, two magufatturers of pljtassiufii salts seeking to*utilise the magnesium 
chloride waste n(jyors in this*nanner, but again witli^no success at Neustassfurt., In Leopoldshall* 
the inanufacture of chloride ty t^is process was given up irf 19^^, after lieing worked-since 1890, 
but hydrochloricliciil is still obtained at the latter jikce by the following mc^od 

PoVdered magnesi^, MgO, is mixc(k witli the concentrated MgCl« mother liquors, when 
combination ensues, with the formation of solid plates cj magnesium oxychltiride, containing, 
roughly, 10 per cent. MgO, 40 per cent. MgCU, and 50 per cent. H^O. These plates are then 
slacked up side by side and one <kver the#olber in the shifft t>f a furnaic, cajilr t)eing taken 
suitably su|>port the plates. Irom beneath, the hot gases from th« furnace stream througli the 
mass and heat them lo a*red lieal. 'fhe plates, shrinking and subsiding#low'nwards, as they do 
in the hotter parts bf the furnace, yield up most of their chlorine in the^fornf of dilute HQ 
which is then condensed and ubsorOed in the usual way hy parsing the fernacc ghses up absorbing 
towers, where they meet with a stjeam of descending water. 

'I'he firing of these furnaces is ‘‘ brown coal,” \^ncli gives (tff muc<^ water, and so aids th^actior 
of the heal in causing the complete decomposition of the oxycldoride. The refuliing IICI s<dutioi 
is very dilute, only 15'’ lie., but has the great ad%antage of lieing practically arsenic free. • 

There finally remains a calcined mass cmtaining 15 per cent. MgCL and 85 per cent. MfiO 
which IS tlien ground up and utilised, partly for mixing with the iHjuois fgr rcjieaung tht 

process, and partly for the pnxluction of magnesium oxychloride cements (sorel cement, x^olitk) 
which IS now being useil in increasing (|uantities f<ir floorings, artificial marble, etc. (see p. 8s). 

There seems, lunvever, but little prospect of an increased jiroduction of IfCl from this or aiye< 
metliods, as tlie case and abun<l.ince with which HCl is produced by tlie extensioli of the salt-cak< 
furnace methods puts the former out of court unless the running costs can lieronsidcrably reduced. 

As rcganls the production of MCI and Cl from calcium chloride, this is one of the grea 
prolilcms of the (lay. Ity iIk" ammonia soda process enormous amounts of w.astc calcium chlorid( 
liquors are prc^Juced, .and also by the Weldon recovery process, and the manufacture of K.CIO3 
Enormous numliogs of proposals, almost always devoid of practical success, have been made t( 
manufacture Cl clica|)ly from f'uCI.^, or to utilise this chlorine cflcctively; Solvay in 1877 
188S, and 1SS9 toiak out a numlier of jxtteiits which consisted in healing CaClo vsith sand, clay 
etc., under various con«litions in a stream of air (see “Chcmisclic Industrie,” I, 49 (i'878), an( 
Huner, founi. Soc. Cheni. ///</., 2, 103(1883)}. An accounl of the v.irious proposals is giyen it 
Lunge's book, “Sulphuric Acid and Alkali,” Vol. III. 
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Within the last tv,o decades a large industry has arisen out of the electrolysis ^ 
'’of the alkali chlorides, whereby not only chlorine, but also valuable bleaching* 
solutions, chlorates, and caustic alkalies are obtained. At the pre^pnt time it 
is stated that over half the world’s supply of chlorine and chlorine ijroducts ari.ses 
out of the electrolysis ot the alkali chlorides. A large number of different processes 
have been proposed, but we will only menti(.>n those which have been attended 
with sgme success. » 

General’ Principles.—When an elecluc- current is passed ihinugh a .salt snlutn.n the positively 
charged metallic ion.s pass to the negative electrode (calhpde), whereas the negatively charged’ 
chlorine ions pass to the positiic electrode (anode) thus :— , 

I - > 

NaCI = N.. t- (’ 1 . 

^ • (to - polfj CtiH P 'ltt) 

• ) 

Arriving at the electrodes, these charged ions give up tlu-ir electiical cliarges, and the sodium ions 
become ordinary sixlium, which at once reacts with tlie e\cts' of water present, to yield II gas, 
and produce caustic alkali, thus :—■ * 

2Na + Il.jO -- aNaOH -I Ih, ‘ ’ 

so that at the cathode caustic .soda accumulates and free hydrogen is given off. On the other hand, 
the chlorine ions, after giving*up their negative charges at the -i pole, a.v lilieraljd as chlorine 
gas at the anode (t-pole), and also remain dissolved in the liiiuid surrounding the anode. In very 
dilute solutions, and with too high electrical potentials, the waier suffers e/ectro|ysis, oxygen coming 
off at the positive pole, and hydrogen at the iligalive. ‘ 

The conduction of the current across such an electrolytic solution deiiends upon it., transportation 
by the charges on the ions. Thus every eipiivaleiit ion, c.’i;., i g. of liydrogen, 35.5 g. of chlorine, 

24 g. of sodium, etc., carries wi.ili it the same quantity of electricity, viz., 96,540 coulomlis—cither 
positive or negative elect'jcity, accoriffig In the + or - character of the ion (Faraday’s law). 

It is therefore an easy giafter to calculate the amount of chemical products theoretically produbible 
bathe passage of a certain quantity of eleclricity Ihrougll a licjuid. E.g., to produce, say, 35.5 g. 
ofchlorine, or 40 g. of NaOH (from 23 g. i\f liheralcd Na) we Iheoreticndy only require the passage 
of ^,540 coulombs.' Theoretically, a current of one ampere liberates in one hour 1.3^6 g. of 
chlorine. In practice, however, side or secondary rcaclionk diminish the yield pf these products, j. 
To liberate any ion % definite electrical tension is rei|mrcd, measured in volts. And to drive a 
'current continually thftiugh any electrolyte there is llius required a definite vol.tage depending upon 

_ _ __j_'_ij-.---1-afl--- 

' •-^ i» a 

1 A coulomb is the quantity of electricity represented by one ampere jlovaing for one second past 
any section of a circuit. 
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the nature of the ions liberated, lihese aretthe so-called ** polari^tion ” voltages, wbith must-be 
overcome before thi* ton gives up its electrical cbarg%ai*l is lilwtat^. ' • 

The total lF)ount of eleetricalKncrgy required for electrolysis is%neasu|ied by th<^ product Af the 
current.in amperes, and the voltage at which it is forced through ‘the liquid*^the^unit being called 
a volt-ampere, i volt-aroOTre= l watt/sec*>nd=o,24 gramm^calorie# . • * • 

F4)r ftectrolysis, Ohm’s lawr takes the formi—lJ^^" E l)eing me volta*ge of the source of 

electricity, %nd e the polarisation vol^ge which must overcome ^)cfoi^ the current will flow 
through the 4/ettrolyte at 4U. It^s always possilflf to calculate approximately^ from the heats of 
combination of ^:ompon<^t |..alt!j^ the ^reactions which take pl^ce. Th^us, confining ourselves to 
the (iiectrolysis ef NaCl solution, we have the equ;jjions :— 

' , NaCl -I l ♦..0 = NaOH +'H + Cl 


NaCl = Na \ Cl - ^,400 calories 
Na -v II^O = NaOII -I- II I 4^,400 calories^ 

Difi'erence •- 53,000 calories. ^ 

Hence, in order to*decora[>osc i g. mol. of NaCl (58.5 g.) and liberate 4Cf g.^N^OH, 1 g. H ^nd 
35.5 g. Cl, we reejuire the expenditure ol energy repie'>enled by 53,000 calories, which is equivalent ^ 
to 53,000/0.24 = 220,800 volt-ami>ercs. Now 96,540 coulombff= 96,540 jfmpcre-seconds are required ^ 
to liberate the gram equivalent these (juanlitic%. and so the mtnifpum voltage (assuming that all*'^ 
the heat is represented by electrical energy) nece.ssary for decomposing the solution 15 22©,800/96,540 
= 2.3 volts. 

As a matter of fact, liowever, in practice a much gieater amount of energy than thi*< is usually 
required. Thus a considerable voltage is required to drive the electric current against the hfgh 
resistance of the electrolyte, and this caiise.s the generatioi of much heat, which is‘derivbd f^om the 
el,ectric current. 

Consequently, in order to pass a current of any intensity across the lujuid, we must work with 
a voltage considerably greater than this minimal voltage of 2.3 volts. As I,he frictional ♦heat, 
represents a waste of electrical energy, in practice the resistance of the electrolytic cells is diminished 
«to the greatest possible extent by making the electrode surfaces as large as'possible, and the layer 
of electrolyte between them as short as possible. .Moreover, the voltages are kept as low as *' 
possible, the conditions for economic production being low vifltagcs and currents of great strength. 

In order to render the salt solutions good conductors (and so save waste of electrical energy in 
fricl^onal heat effects) they are made as concentrated ]K)Ssibk‘, and usually are hot. 

As regards the source of power for generating electricity, this is usually and most cheaply 
provided for by water power, and so the Niagara Fulls m America, Norway, and other countries 
riclf in water power are the main seals of this new industry. 

However, where water p{)wer fails (as m (iermany) the power is often provided fro#-j coal, 
^rown Coal, peal, the producer gases evolved in some fmnaces, and coke ovens, etc. 

The currents are usually generate^ by water turl)ines driving dynamos, and the current is 
delivered lf> the salt solutions at a dcfmile voltage and a ilefmiie current density, such as experience 
shows is best for<he particular cell employed. These cells are small, and the current is often 
divided among hundreds, and sometimes thousands, of sodividual cells (as these latter cannot be 
greatly enlarged to meet increased power, as is the case m mo-'l other industrial plants). 


ELF.CTR.OLYSIS OF ALKALI CllI.ORlDES FOR PREPARING 
CHLORINE AND ALKALI 


Four iriain processes are worked, namely:—( t) Vhe diaphragm process, 
(2) the mercury pro'a-ss, (3) .he Bell proce.ss, (4) the fused electrolyte process. 
We will “describe each in detail. ‘ 


(i) The Diaphragm Process. —The earliest and most successful cell of this 
type is the Griesheim, which has been worked {Chemisc/ie Pabrik Griesheim-Elektron) 
sincf^ 1890. Large works etrtploying this cell also'exist at Bitterfield, Basel, and the 
Badische Anilin- und Soda-fabrik also use this process. The ceil (Figs. 5 and 6) 
consists of an iron bof mm, which is made to .serve as the cathode. Inside this 
are plated six small porous cells d,d, serving as diaphragms in which dip the 
‘inodes k,k,k, all'connected in sepes, the \^hole being filled with saturated NaCl 
solution. • 

The walls pf the smay porous cells s/isA (diaphrag,as) a re a' composition of cement, NaCl and 
HCl (Brener, German patent, 30,222, 1884). {n the course of n.se the,NaCl dissolves lind leaves 
.an extremely fine-pojed Wall, which .separates the anodic from the cathodic space, and which 
allows the cit^rent to p&sl through. This cow(t6sitiSh has proved very resistant against alkali 
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artfi chloric. anodes Kk, dipping into each poi»us cell, *re now made of magnetic iron oxide 
(F^04) fused in the electric fu^ac^ at 2 , 6 oc^ 3 iO^"^ f'-j and poured into Such electrodes 

have«.prot^ Sjjfperior^to* the cSrIwn poles previously employe®, which are attaoketi by nascent 
oxygen. • , . ^ \ ^ 

Separating ^ch SB^lfporotfs cell iron jilatos <!'/', goirf^ right across tjje main 
iron boj^i mm, and dipping nearly, but not'quilu^ to the botttijp. •These iron.jliates 
form /together withnihe^i^pn walls W tht^main box,M.\j) tTie cathodes. , 

The porous cells surrounding thft anodes arc cover'd with JiSs, chlorine 




Uquop 


longitudinal Section. 

• Kir;. 


t.’rosr. Section. 


5. —Ttic (.iricdieim Cell. 


escaping through a tube leading from the interior [torous cells as shiwn at L, the 
anodes passing right through the lid. The chlorine is led away through an earthen¬ 
ware pipe to the chlorine chamber. ’ 

Also each cell is provided with, a tube-shaped grid of earthenware for filling m 
salt, thus keeping the solution saturated. The hath mm is also provided with 
a lid thiough which the evolved hydrogen escapes. This gas is either led into 



a gasometer or it is^led away^to the pumps, and. compressed in strong steel 
cylinders under 15,0 atmo.spheres pressure, and stored in this form. 

* The following are the changes which iwcur in the cell when the oyrrent is juissed ihrough the 
saturated NaCl solution in the bath. The ion passes through the diaphragms d^d into qie anodic 
space and there csca^ies as Cl gas, while the Na ion pisses from inside th^ diaphragm and di^^ 
charges itself on the cathodic space o>itside,*being concerted into NaO"^! an<l H, which escapes 
as above described. ^As the action proceeds the solution becomes weaker and Weaker in NaCl, 
so that saturated NaCl solution i»,run in ttyough the^f^ipe z, and the solid salt ajjdfed from time 
to time al»> maintains the^upply of s»t to the liquid. Consequently iCi the cathetflic space there 
gradually collects NaOH liquors mixed with a dilute NaCl solution, agd this is run out from time 
to time<by means of a tap m, the deficienc}»beii^ replaced by fresh NaSl solution entering throygh 
z, so that there is a contiinuous flow of electrolyte through the system, yhe action,^however, does 
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to completfon. As swi^as NaOk is formed it begins'to itself taiie part in carrying the 


2NaOH = 2Na + 2(OH/. 


, Na ion at the ^thode *thcii gives up its 
charge, and reacts with the surroun4ing water 
to prodjice NaOH again and H(2Na+2lLO= 
2NJOH + II2), _whfic at the cathode we get 
the OH' ions similarly changing into water and 
oxygen (aiOH^'^H., 0 + 0'), .so that the net 
results are that hydrogtti is given off at the 
cathode ai>d oxygen at the anode, and a consider* 
able amomit of the current is'uscd up uselessly 
simply in liecomposing water. To prevent thi« 
waste, therrt.ire, in nracticc the-pfocess of electro¬ 
lysis is .stopped as-soon as.ibout one-third of the 
NaCI has lieen changed into NaOII, and the 
NaOH hVjnors formed. - containing aliout 75 g, 
NaOll, amir 160-200 g. NaCl per litre, arc run 
off into vacuum cva^iorators and concentrated. 



Kio. 7.—The Hargreaves-Hird Cell. 


With the object of diminishing as 
much as possible the internal resistance 
of the cell, the polar surfaces are made 
as large as possible, and brought as clo'fee 


nv .socs.UsU . .U 1 , , . . . ana orougnt as clo^e 

as possible together, while the salt solution is maintained at 8o°-()o° by means of 
a steam jacket. ‘ 

“I'lhns'* i" pr-iciice hy usingSu voltage of 4 volts to 
the vo;i:r.~,ru; I"-- 'Ti-e metre. Since 


.).S'5 S' ^^ 4*^ S- NaOH4 i g. II, by the passage 


Hyptrogpn 


Brine 
otncf Cl 


■Hyrfpo0ert 


-- VM.. iin-CUllt'IK IK'Il 

the equivalent anidunt of pifxluct.s hberaled are 
of 96,^40 coiflomhs {/.r., anipere-seconds} 
through ihc hijuid, with 4 voll^ diiving thiw 
curriftil the energy expended per second would 
he 4^96,540 volt-amperes-525 II.P. In 
oth^*' words, 521; II.p. wtiikiiig for t second 
would yield 35.5 g. of f'l. 01 1 U.P. work¬ 
ing fi.>r twenty f<iui hoius would give 5.85 kg. 
df Cl=:i6 kg. of bleaching powder-=:6.6 kg! 

N^OH^o.jy kg. 11 (^2 cub. m.). ‘ ^ 

It should be i^ointed out (hat when the 
rhlonne formed comes into contact with the 
NaOlJ produced we get, in the cold, mhuc 
sodium hypochlorite pniduceil; in the hot 
solution, howevei, siMlium chlorate is pr<)- 
duced. So that the NaOli produced some- 
rimes contains .sihall amounts of hypochlorite 
and cWoratc. *Thf hypochlorite and chlorate 
in the liquors tend lo attack the carbon 
anodes. prodi>^ing CO., winch is absorl>cd by 
NaOH formin.-caibonatK So that W'hcrever 
carbon electroiles are userl, small amounts ot 
carbonates are usually fouffd in llie "resulting 
NaOH. ^ 

The Hargreaves-Bird Cell - is 

used directly for the electrolytic pro¬ 
duction of sodium carbonafc. 'ITie 
construction of this cell i.s best under¬ 
stood by reference to fig. 7. a, a are 
carbon anodes dijiping into a saturated 
solution of NaCl contained in 'the 

anodic cells jui, u'n. The walls of these* cells are made an of norous dia 
phragms, consisting of cement or soi^ ^mil.ar piatenal, to wWch is^affixed^on 



^Oil and 
"Hydrogen 


•The Townsend Cell. 
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tbe putside a network of . iron ga^ze,,wTiich fofnis the cathode. The NaCl 
solgtior^^J'i'*'* into .the tfnodic space through a tube near the t«fi, and pours 
through the diaphragm surtounding the anode, out thro^h the wire gauze* into 
the* exterior‘empty ^a*e cnf finally escapitfg through the tube i)'; as the salt 
solution pairs‘through the cell, subjdtled to tfe |)ower/ul electrolytic actiAi by the 
current passing from a to b', and (jpn.sequently the .salt solution emerges through the 
diagram into the extel-ibr empty spa^f nn, it is *la(^cly c^compos^.’mto NaOH. 
In UD, however, it jneets with.a stream of stetpii ^id •CQ., whidh immediately 
combines with’th& NaOH to form hte.TXX,, which ])ours rjff threugji !>'. 'The 
exterior spa'ce on thus remains tynjity. 'fhe NT^CX), liquor is gradually evaporated 
and the crystallising Na,^C03 sei*irated hy centrifugals. 

• According l*) Kershaw, the maift cell's are lo ft. long by 5 ft. J4 in. deep, and aie united in 
batteries of fourteen.^ The brine pumjKcl dircdly from the salt spring.yinlo the battery, and 
a current of 2,000 ampjres, un^cr a tension of 4 41 \o!ts, is }>assed throf^li tbe liquid. KvJry cell 
d#composes 100 saj^t in twenty-ft>ur hours, (.'uireul cllu'iency, i)0 per a.*nt. 'I'lie escaping 
NflgCOs liquors •oniain uo g. Na.Q >: per lilie. .Vbi»ut 66 per cent. ol tlie NaCl is decomposed 
into NaOH. ^ 

This process is worked l)j*the Electrolytic Alkali Compan} in Middles ich, but the success in 
England does not fippear lo be \eiy marked, allbough the plant appear'' lo be more successful 
abroad, where electrical power is cheaper. 

■ • • 

The.Townsend Cell (big. 8) consists of an interior diaphragm of porous 
nwiteifel, /.Z.7 asbestos mixed wiilT iron oxide and hydroxide, firmly fixed into a 
non-conducting cement foot u. .Surrounding and in ( lose c(jntact with the poious 
,diaphragm is the cathode, made of iro/i gmize. Into the interior of the 

diaphragm projects the hollow anode (of .Acheson graphite) uddh, which nearly 
fills the entire central .spaec. Through the middle of thus anode i.s a tube ee* 
down which a strong NaCl solution i.s pumped. 'I his NaCl, as it passes 
between the wire gauze cathode on aa and the anode im, is subjected to the 
powerful electrolytic action of the strong current flowing between them. .The 
NaOH formed streams through the diaphragm aa into the exterior space KK, 
which is filled with oil, which serves as ihe inactive fluid which separates.thc 
cathwdic and anodic fluids and prevents them uniting. The NaOH li(]U()rs sink 
below tlVe layer of oil to the bottom of the .space kk, and are run off through Min. 
The oil bath can have its temperature regulated hy closed steam or water coils. 
Cl escapes from the anod'c space and n from the cathodic spige (see English 
Tateni, 18,403, 1904). . 

Recording to liaukl.uid (Clicmti.ir /.iitmis;, ii)o.j 33, 1125), al Niaga^i Kail, a curient of 
2,500-5,000 amperes is sent through a l>.itU'ry oi( sevei. (-.sis cells. The "dciisily of the current 
u.sed I.s about i ampeif for each S()Uiire inch anodic suiiace The voltage per (cil is 4. Tbe 
diaphragms are cleaned every tiurly days. Curient ellicicney, 90 per eenl. »5-2o 1 . of NaCl 
.solution are sen! through each cell ]»cr.bour. The l»|Uois cstajiing < ontain 1 so g. Ka 4 )II antkzoo g. 
NaCl per litre. 

The main advanUige of the pioccs is stated to be the .-hnost coinpictc ahsenee ufchliuates and 
hypochlorites in the escaping liquors. The resuUiiig NaOIJ liquois are evaporjJIfTJ sc|)arated 
from the NaCl (which cryslailises out), again e(aporaled in open hoyers, and solii containing 
76.77(1 per cent. NaOH, together with 2 fier cent. Na-jCfb, atftl a small aimouiu of NaCl. 

Le Sueur's Cell, of latest con?truction, is described in the American Patent, 
723,398. The cell (Fig. 9) is divided into two»coiniiiirtments by the diaphragm aa 
(made of asbestos), whid^ is coated with iron s;aiize, which forms the cathode. A 
carbon anode B passe^throughTWid closing the anodk- compartment c. K s^jeam 
of NaCl solution enters through the pi|)e c, enters the anodic compartment c by 
jpeans of a hole bored in the lid, and then flows out thrqjigh the diaphragm into* 
the cathodic compartment i). Tfte electrolysed brine collects in n, and the 
resulting liquqj, rich in NaOH, escapes throuj^ f. The fluid pressure in c muJt 
be greater than iii v, otherwistf the‘liquid will not escape* readily through the 
diaphragm. * 

A modification ol this jgocess is stated to tie worked at Kumfurd Kall?in Maine (TJ..S..\. ). 

Tire Outhenin-Chalandre CfellJsee Moniteur Scitutif’ 1907, 789, 586) 
has been used extensively in France, .Switzerland, Italy, and Spain, ^he anodes 
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are of (’raphiu-, the cathodcs'of iroii^ ?,nd,tl4; diaphragm consists of a special 
kind of porotts earthenware, v 

Thd Billiter-Sienl.'ns Cell (see British BatenI, 7,75:f, 19075 Ke/shaw, 

Soc. C/i(m. Th-d, 1913', 32, 993-995; Allnnpd, loc. cit.\ Alftfiand,." Principles of’ 
Applied Klcctrochemistry") has, sT-ice 1907,.been extensively introdilcet} on the 
Continent liiid at Niagara I'^alls. „ ^ ? 

'Pile appiii^tus (P'ig. consists of a bell (7 i) closed at the bottom by a diaphragm 
(i, 2^, which rests on nn'iroipor nickel net (3), which st'rves a.s the negative cathode. 
Inside the'bell is th« anode (S) (made ol'carboir), the whole tandtiig in an outer 
vessel (to). ' ' 

The special feature of this cell is the mature of the diaphragnil The wire net 
cathode (3) is covered with ofdinaiy .'ommeicial aslfestos cloth (1), o/rip/nch R pikd 
a po-,vd(r diaplira-^in Ip), made of a composition tonsistkig of insoluble powder 
(like barium sul'phate or alumina), with asbestos wool, the whole being made intijia 
tenacious hut consistent mas? with a solution of common salt ' 

NaCl solution enters lliumgh the ]iipe (12), Hows right through the dia|)liragin, 
is subjected to eleitrolysis in so doing, and escaiies as NaOH througli the 
outlet (13). 



The cell is piovidcd with a spenal heating aiifliigement, which selves to keep 
the liijuid hot. ^ 

Willi 4.1; Mr\)s llll- „()|l.[l.llu-. 4IVC., 12 p<l n-lll N.ldll. mill ^■ffK■|L■llCll■s ol 90 05 I'Cl ClMll. Ill 
tlic lhi-'>ri’lii.-i|.mimiiil Cl t;,o ol 'in pu o’lil vir<.ii!;lh o onhoi! .\ii .ipp.'ii.iUis mlh a calliodic 
111 I Ilf I si|. iiiulK- miilong iinili-r .1 S nsiiiii of 4-4 5 o.ll.. lt■|lllll(■s .1 i-iirieiil nl fioo iniipcres. 'I'lit- 
■sail siiliilion 0 ni.illilailK-il .il Oo' C. ..XihhIis oI magiulic m'li nsiiU' aio iinw slated to he used 
instead id.. ''Siiiii. 

The Biiliter-Leykam Cell, a modilication ol the'liilliter Siemens cell, is an 
improved form of the bi ll jar cell, using cathodes hooded in asbestos and placed 
underneath the anodes. 

Worldiig al .S5' it I'.iiiiidie, .1 12-11.') per eenl. .\a 01 l .U a ciiiienl efficieiier ot 92 pel cenl., 
risini; 3.2 Mills .111(1 enii'liying iin|)iiiilied hiiiie. The diawh.rek 1., Ihe small .iiiipeiage pel unit 1 f 
llooi sj).iee. , 1. - * 

fhe Finlay Cell, described in the British I’atenI, 1,716 ol 1906, also in 
.'Mlmand's “ Principles of .\pplied Klectrochemistry," |). 380, is .a double dkaphragm 
cell, wiih a doubly cotiiiter-liowing electrolyte traversing the cell from end to end by 
iftieans of tubes. By means of a f.lter jiress arrangement (the cell being built much 
like a filter pre.ss), the thickness of‘the electr.ilyteis reduced to a mftiimuni. There 
is .-t constant (Jifference of. hjdrpstatic iiressure ,at every lioint of'the diaphragm, so" 
that tiniforiii percolation of the bribe is seciifed. * 

Ki”. 11 shows .\..ecli('*) of u hatlcjy of (c'*is. a.a mc the rtnt*(k-s, />,/> tlio cathodes, the 
diaphraj^ms (made o«l of'dsl>eslo> uith hoL^ tlfciein al lop and botloni for allowing 1)rinc 

to How Uirough according u* a d.efinite couiitVi-cuneni (iiculating tijlu* s\siein), and arc 
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'‘clistajif pieces'’ framoi placed b^nween ^l»<? dj.ipln.ijjins) which, when pressed up l;y the 

screw* 31-32, enclose a space '*hich constitiflcs an clecliolytic^hambei. dielance pieces*aie 

als<J provided with .hflles. which, with ih(' cHniespondiiiij holes in the cathode, anod«, and 
diaohragms, constiltic parts of the tubes of the ciiciihilin” sysieio. ^hen these parts are arranged 
in ine cell as shown, .irjil afe pres 4 e<l togell^’i lictwecn tlie en<l plates 30 b) ij^/eaiis of thi* sciew 
31, and the ii.indwlieel _|C, oidlces in the Tallucics, (impluagnis, distiuice picees, .ind*nni#le.s all 
coincide, and fofin continuous tultes oi dltets foi cncnraiing ilie^'lecm*)te. ^6 is the fe(*<l system 
for the lirine, 37 ami ai^'.^'cspeetivel#, om-4h)W cisterns *->1 ^lie piodiu ls ol tlie ^iho<le ami anorh-* 
chamliers ies{>t*ctive]\. 3(1 is .1 scjiaiaioi* foi il gas. a snnilai ^epaiator (ji<*t shown) being 
employed for lb^ cliloi iiic- • * • • • 

The sepaiaUas antLpijies connect .witli tlio*llirce <louble lines of holes in tlu^elc^uenis, fiiahing 
up the battery, so ihatthice conliiuu'Us lubul.ir encuits^ie formed for the (jow of iKpiids. * 

According to Donnaii ( /ount. S.u.\'h,'in. /itJ., 1013. 32. (K).i)lhisrt.ll, w01 Ling with [uinlied biine 
and a current density of 4 atnpeies per sipiaie dt'cimeln* <>f diapliiagin, can pioduee S i 2 pci cent 
^’aOII at a voltage noi exceeding ?-".'olis. .uul with a kalhodic cuirent clli< lenry ol oS-()9 pi-r cent 
In 1913 three J.fXTO ampere units W’eie being satisfacl'Hily o|ieiaicd in H^fasi. 'I'lic hinlay cell, 
howevci, accoiding lo^KetshAv -//.). is haiulic.ipiicd l>\ the low ^uueiiUation of the Na(.>II 
pfodured. • 





Kershaw {lor. ri/.) slates lUal (Itaphragi ! ‘ells, willi .1 inoting el^fciioly^c, tlu' 
flow i)f which througli llu- coll counlcrnf Is iln-effcM ts nj conveclion ciirroiils and 
of ionic migration which .iro constant]) occurring. ;iro now llic most t*^[^ionl typo 
of electrolytic cell for tlu. production ol alkali and ‘ hlonno (.ompound^lho Ihlhtor 
Siemens and h’inlay cells [lossessing the highc-l enc.-pT el'lidiTues. 

'rile following figures are given,^showing the cut rent and rttergy efiu^cncics of 
t!ie various electrolytic alkali [iroc esses • 


Naim of I’l^ces-,^ 

h.llii iciK ICS 

pel (.'em. 

• 

( Oncentialion 

0«('cll. 

('iiiicnl 

Kneigy. , 

So(l,i lacjiiot 

(iriesheiin - 

• “5 

4S 

* 2 N 

n.Trgiea\ es-Jhid 

• No 

5-1 


Townsend ■ 

94 


4 N • 

Ihllilei-Sieinen'i - 

«I2 

h 

* N 

hilliip^Ia ykaui - I 

95 

59 

. 14N’- 

l■■inlay ■ • 

ff'S i 

• 5s * 

2 N • 

Caslner-Kidliier • 


5^-3 

•... 

Aussig “ hell” 

S7i. • 

40 i) 

• • • 


A'otr .—A guicenlraiion of i N is equivalent to 40 g. of N’.iWH pel liLi^. 
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. ( 2 ) The Qu^silver Process of- Electrolysing Alkali Chlorides — 

In this process quicksilver ser.es as the cathode, taking up the .liberated Na as. an 
amal§;am, and giving it at another place to water to form NaOH and hydrogen. 
The great advantage of this process ‘is that jhe NaOrl forined in the neighbouring 
cell iSrCompletely chlopije free, and^n evapOriiting the solution a very i«tre NaOH 
is obtained. Moreover, it ij possible to prepare directly very concentrated NaOH 
'liquors, so tn^^not suchoi great deal of evaptiration is neces-sary as in the process 
first discussed.' The ^b.sentYt of,a diaphragm greatly ^reduces .the resistance, and 
so allows the 'whole operation to be carHed out at a low \Dltage. The main 
disadvantage is the .great cost of tVie large quantities of quicksilver required for 
the plant. 

I'ig. 12 shows the cell employed hy the CastnCT and Keilner Co., Weston 
Point, Runcorn. T^lie large trough mm is divided into three comoartments A,n,.\, by 
two partitions whjch do not touch the bottom of the coll, but fit- into grooves at the 
bottom. Two stout graphitc'-electrodes project through the walls of the two outer 
compartments of the vessel, .while the middle compartment is fitted with an iron 
grid to form the cathode (— pole). The non-porous massive partitions do not 
reach quite to the bottom of the cell, but dip into a layer of mercury covering the 



Fin. 12.—The CaMner-Kellner ( cll. 


bottom as shown. A solution of alkali cliloride flows through the two outer 
compijrtments, and water through the middle compartment. 

On passing the current, the salt dissolved in the water of the two outer 
compartiT.CjJfs a, a is split iqi into Cl and Na ions. The chlorine is evolved as 
such at F, but the sedium travels with the curn nt and 'dissolves in the mercury 
at the bottom of, the compartment, forming ^sodium amalgam. A slow rocking 
motion is given to the whole apparatus by means of an eccentric wheel placed at 
H, and this makes the mercury flow from one compartment into the other, and so 
brings the mercury amalgam into contact with the water in the middle cell, where 
it is Recomposed, forming NtfOH, evolving H, ancT regenerating the mercury. 'I’he 
hydrogen escapes through the loosely-fitting cover. IVhen the NaOH formed in the 
'middle compartment is^sufliciently concentrated it is run off into another tank fqj: 
boiling flown. “ 

According to W. Gerdon Carey {/aA'ru. AVt. 1913, 32, 995), 144 cells of the 

rocking Castneritype, measuring 6 fl. hy 4 ft. internally, and ctmlainmg 2Ch» of mercury, gave 
with a curreitv of 560 amperes af 4 voU., (using Aches<^ graphite anodes and iron cathodes) per cell 
B^ut 0.7s 8«1* ^f 20 j>e‘' cent, caustic soda per hour. Ivlercury in ^he cells was purified from 
disintegrated graphite, rp^rhanical means amSi dilute nitric acid, the total loss of mercury l)eing 
under 2 per cent, per year, t* The evolved chlorine ipad«40 tons of bleaching powder per week. In 
working the ct*ils care ha^.to be taken to prevent \indue hydrogen formation in the anodic chamber 
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Jthegasis being repeatedly analysed), otherwise c»plosionsiniay occur. Kcisnaw at.) gives 
the «irr€«t efficiency as 91 per’cent. afl<f 4 he Inergy efficiency 52.3 per ?«nt. See also Lepsius 
(/tf4 «A)ane^'h;nglish patents, 16,046, 1892 ; 10,584,1893. • 

* Solvay-Kellnc^ Oell— •Fig. 13 jhows a*diagraiii of tlie Solvay-Kellner cell. 

The carlx)n anodes a%,a,a are joined up as shoWh, and dip in^ifa stiong solulion, iff brine 
which fills the trough XY, the briue ei\^‘ring at s an<l fi(>\viiig om at sb Simultaneously a stream 
of mercury enters at flifW? along theboUt^j^ of the cell ^nef cscapt^ .at n, HowiajJ over a “ wcir "• 
at C. As the current jxasses fnuy the. c.arl>on eleciiodes to^ihc ^K‘rc#r\, tlie >. ii^in dissolves in the 



Fk.. Ij.—The SoI\a\-Kellner (\ 


nmicury to form ani.ilgam, wlucii is then reni(»\ed .it P. decom|)osed l>y sie.im, forming H gAi> -ii'd 
• NaOlI, and lb? recovcied meicur\ is pumped in again at H. llhlorine csc.ipes continually at p 
Tlie apparatus is thu#a continuous working one. The escaping .imalg.im conlaiiis usually 0.2 p^ 
cent, of Na. The cel! c.in be built in \eiy large units, taking 10,000-15,000 .unpeies (see (jcrman 
Patent, 104,900, 1898). 

Rhodin’s Cell, stated to be in use in S.iuli Sie Mario in ('.inail.i, consists (Fig. 14) of a circular 
iron trough aa, in which ’ pbicod a bell-like vessel nn, thiougli whicli p.isse.s a series of carbon 
anodes n,P. The NaCl solution is contained in the 1 k*I 1 . The <‘\terioi irough aa, howiwer. is 
filled witli water, and the iHittoni ol ilie irougli c- nUiins m<;rciiry, which forms the anoilc. The 
whole bell slowlv revobe--, and the cjuicksilver ali'.oif)^ the libciated Na as sodium amalgam, ^hich 



is then decomposed hy Jjie watei*?h the exterior irough, fottning N.iOH and if (see /. 

Elektrochem,^ 1903, 9/3W; also (lerinan Patent, 102,774, 1896}. 

• The advantages of the merc^iry cell are (Lepsius, dt.)\—{\) Very pure 
caustic alkali of high concentration ; (2) higl^ current cfficien^ ; (3) n® oxygen 
evolved. The disadvantages are:—(,1) High •oltage requir^ (4.3 volts); (2) ceftt 
of mercury (72,t«ns per plant of 6,000 H.P.); (3) expense of first cost (apart 
from Hg). 

(3) The Beil Process.—In this* process no di^jhfagms are used, the 
separation of the liquors being macle tiependent ui)on the superior sgecific gravity 
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of the caustic sodj or caustic'potash'solution,.which .then sinks to the Bottom,' 
leaving the NftCI ( 5 r KCl soluticm above. ’ 

Rgs. i 6 , 17, and 1 8 ;^ow the Aussig-Bell Process in longftirjjinal Snd in cross 
section (see (lerman P^ent, 141,187, 1900). Here (the atiode is enclosed in‘an 
inverted,»non-cbnducting bell, with ihe cathcWc outside. In a vessel'w »tand some 
twenty-five small invt^tfcd parthenware “bells,*'’ 0,0, coated externally with iron 
••sheeting cf,'tvliich forms the catfiodes. Iftjide’each bel, <s a'carbon anode a, 
placed so that'-inly a strull space.is left between tlie lyplls of Uie bell and a. All 
the bells are connected m parallel, as showij in Pig. 17. 'J'hroiigh an opening r in 
the carbon anode a. a saturated strfcam of Nat 1 slowly pours out of many small 
hole.s in the pipe dd into the cell. As it enters, the.'liiiuid is subjected to the action 



Longitudinal Section 
) i... ifi. 



c Thi- AiisMg.Hcll|('eIl. 


of the electric current, and the heaVy caustic soda formed sinks downwards and 
fills the trough beneath; as it docs so, it is contii^'dlyremoved by the overflow 
pipe*?'. The Cl gas escapes out of F. The ojienings 11,11 inwhe bells are used for 
fonnecting together the gas spaces .of the twenty-five small bells, so as to maintain 
internal gaseous pressure the same in each cell., < 

I The theory t»f thttprocess lias been ’ orked oiu in deiail h) (). Slcincr {Osterr. Chem. /.til.y 
1907) and F. Chancel (C.tS’., 1908, 1780). *“The alkaline caUiodic iKjuors form in the “bell” iiliarp 
layers (Fig. 18), rtie definiteness of which must l)c inainlained if llic procesj# to work efliciently. 
Its-position iri jhe«ell, also, must nol«<)i.-^aljlore(l to jny great (^xtent, a stale which can only be 
maintained by Continuous I’orking. For in*tlie process f)f^?lectrolysis, the neutral zone, if lelt to 
itself, would steadily a^lv^Aiu^ upwards in consecutctnce of the passage of ftll ions toward the anode, 
for, as explained on p. 16, «.s soon as any KOH is foriwd, it begins to take part in the electrolysis, 
the K passing‘ilowards ihp catliode and the OH Ibns towards the anode; and il is obvious that in 
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the catho 4 ic liquors, where cxce^^ of KOII is pieseiiy il is ilie^KOH whicfl is for tTie ^iiealer j?au 
electrolysed, whereas in the anodic solutio* ayove«t is ihe KCl which mainl\ •nder^ocs eleclrolvsis. 
t.'on^pqueiitly, if we wej'c dealing wiili a st.Uionaiy fluid, ihc^KOlI layer jvouliltsieadilv creep 
upwards lowarus the^inodc, and this is only prevcnltMi h\ .» slead\ coniwnoiis feecrof Kt'l s..!4ition 
.at such a rale as to just counlcrlndance the rise of ilif KOII la\er, ^ that the “iieiiiial /one” 
remains in a statiopary cejidition in tne cell, tii^lher .ul\.aiKing up llu* Hill nor itc^-ding below ii — 
conditions whft-h are e.isi]\’*niainL.iined liy < arefiilh* legul^Ing the \ oli,^<.^.uid tempeiaturff. ai^*! the 
inflow of KCl sftliiiion, so .i> to niuntain* e(|uililnium. The nt^iii.il iTi\fi must ie!iiain*sf\eial 
centimetres distant frofli ili^ati<*de, and ttie Iioltid -liould ]>• healed to .in\ g»ea^i*fteni. 

The iron calhvde must he close to the liell.Tind iIk anode nui-t hcjS‘irec(i\ h<>tj%int:il. 

• • . • • . 

It has bet 5 i foufitl tliat the ncct-ssar? vollat^- fur t-ftitieiUly working this prftioss 
is 4-5 voU?, while the current-i-fficitMicy is gitcii li*s 85-1)0 p^r cent, li s'^elds 
alkaline litiuorS containing ofU‘ri»i20g. KOII per litr<'-<-(“onse(iuenlly nun'h lichei 
ii> KOH than th(* litiuors obtained by tlu, diajdirfigtu piot'css. Howeter, the 
electrolysis of the J'CC.'l ^tyinot he carried to coinidelion owing ty the growing yield 
of O together wit^) the Cl, also some clilorale is formed. • ^ 

One (lisadyintag» of the apparatus is the smallness of its dimensions,' and the 
care and exactness wath whicIT it must be rceiilalt'd, one neressar\ condition to 
this bting exai t hou/on^ulness. Once iif .k iii»n, however, it will keep long at work 
(the graphite anhdes having, it is stated, a 
life *or •five years), and reijiiires but little* 
supervi^n. 

• (4f XheT^used Electrolyt? Process 

IS statr-d to Ik- siirccsifullv woiked on llu- 
^'mgara Falls,(-.cc 1 labor, Z. FJcklrotlu'iit'f, 

• 9 ° 3 i 9 > 394)' ‘Ti'd is jiroUi'tcd bv tbr 
F'aiglisli Patents, 6,(156 and 6,657 ol i8yS, 
and by the (Jernian I’atenis, 'iTeiSis, 

118,049, 118,591, 119,5(11, It is usually 
known as Acker’s jiroc .ss. MoUen lead is 
used for the eathiide lor ('olleeling llu- 
sodium, and the resulting alloy of lead and 
■sodimu is then deeoiniiosed by steam to 
form Bydrogcu and sodium hydro.'ude. 

Fig. 19 shows the apparatiiSj Four graphitie 
anodes dip into ,i 12 15 em. dee|i 

bath of fused salt, so that tliej; aie o 'v 
seniratcd by a distance of .ji, em. from 
the cathode of molten lead c, and on which 
the molten Nat'I lioats. 'I'Ir molten lead 
tire-resisling niatetial, the eoniponeiit pan 
together without mortar or cemetil im-relj by the molten salt penetrating l/tlween 
the crevices, and there solidilving, forms the binilmg material. 

A powerful citiTent of S,ooo amperes, under a tension of 7 volts,i'llt current 
density being 2.9 amjieres jier square eentimetre ari’a, kee^)^ the tiath in a molten 
eondition, tile lead taking up sotu^ 4 [ler cent, of Na, and Ueitig the^i run off 
and decomposed by a blast of steam under a pressure of 2-5 atmospheres. This 
regenerates the lead, whieh is pumped bacit into the ftiniaee again, while a 
stream of burning H e.sr*pcsj^al)ove the lead the NaOH forms in a layer, which 
steadily runs off (alxxit 11 kg. in (jne houi) and i? absorbed in S[)ccial v^^els. 
The chlorine, mixed with air (10 |)cr cent. (]! to (90 per cent, air), escapes from 
Ihe anode and is conducted to \\w^IIaseHdev!r /ikuchin" powder npparalus (ji. 46) 
for chlorinating lime. 

Although .U least SO 1»<T cent. iii<*re entig> ao<i u^iigiici voltage if needed ' iih liii.s process 
than for the electrdlvl^is of a«|ueous 's<dnlions, \et lliis i-s lo someexienl (oinpen%.Tted l»y the high 
,ield and conrcnlration of N.if^’l. a|^‘r.igi#g 04 pcr«c4;nt? The impure sdt fs (l^rfcily cimverled 

• 

' At AusMg 25,000 celf^iire lequired fi»r 5,000^ ’ 



is ( uiilaiiK tl in a \csscl l>uill up of 
of whii li .lie kept l.is%‘nL‘d securely 
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inti 5 NaOH, wfiich is tlfcn fused in iron l)oileri.in order to remove traces of ^/g 0 and CaO, whidi 
are derived from tlie^t^a and Mg sails originally h thy sdt. The MgO and CaO settle out at the 
Ixittom, the resulting products cons!',ting of 97.4-97.6 per cent. NaOH and j per cent Na-jCOj., 
The process Was succes^illy worked at Niagara Kails Iretween 1900 and Ip07, When the works 
were destroyed by fire. ^ ^ - 

Evai)oration an 4 „Concentiytion' of the Caustic Soda and Potash. 

—The'eva[joration of the .NaOtl liquors, contajning as they (^o rnuch NaCl, is 
carried out itj'lriple or quadruple effect vacuum pans very similar to those used in 
the manufacture of soap fev evaporating the soap lyes and recovering the salt 
(see Martin,’s “Industrial Chemistry,” Vol. I,, “Organic”). c 

In evaporation, .advantage is taken of the fact that NaCl and-KCI are very 
sparingly soluble in concentrated NaOH or KOH solution, and consequently, 
as soon as the concentration proceeds far enough, the NaCl separates out almost 
completely, and is keprrated from the NaOH liquors by torcing the whole through 



I'K;. 20.—Vacuum Pan foi ('oncentrating; Cau-lic Soda. 


special filters. Thus, (Kig. 30) a represents the body of the vacuum pan, the 
separating NaCl cf>llecfs in u, wliich is provided with a transporting screw or worm, 
working automatically, which from time to time forces the deposited salt from b 
through the filter press c, wherein the salt remains behind while the NaOH liquors 
are sucked away into n, whence they are forced back agaiij into a, and the evapora- 
tion^continued until the right Concentration is attaineo. 

Ine electrolytic NaOH of the Badische Anilin- und Soda-fabrik is used largely 
for the alizarin fusion. Large quailtities of NaOH find an outlet in the paper,, 
soap-making, and many other trades. 

L The electrolysis of KCl with th^ resulting production of KOH, Cl, and H is 
carried out in,precisely the same manner a.s‘ that of NaCl, and it is possible to 
obtain chlorine-fee KOH by firstrfivaporating to 50” Be. (at which temperature the 
liquor contain's 49 per<';ent. KOH to only o.b'per'fcent! KQ,—so insoluble is KCl 
in concentrated KQH sclution, the substance being often put on the market in this 
form), and after filtering''the separated salt, iby further concentration and crystallisa- 
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tion at feo” C., when the cl^forine-frfee solid hjfdratc ICOH.H .,0 fs obtained. Bel 3 w 
C.'the hydrate KOH.zHoO is dbteindd. " \ 

^ 'fhe industfy is e^ecially devoloped in Germany, where in 1904 i;',ooo*tons electrolytic 
^ NaOH and 28,000 tOTs electrolytic were placed on the market, the evolved chlorine going 

to ni 4 ke some 60,000 tonij of bleaching powdeij. In Gennanv iwo-lhinls of the bleaolnng powder 
made is derival from electrolytic chlorine, ^n the U.S^A. the industry l^ nho iiighlv «ieveloj>ed, 
but in the United Kingdom only a beginning ha', been inadc. ^ * ’ 

The chlorine which is evolved ift these electrolytic «|)rocesses^,is extremely 
concentrated, ^as much so i^i Weldon’s chlorine.'* Il^is ?ither duc*l:tly converted 
into bleacl^ng*powiffer or liquefied. ^ 

The fiydro^en, compressed'’in solid-drawn wcfdless steei cylinders 10*150 
atmospheres, is used for autogenous welding and cutting, for hydrogenating 
uhsaturated organid substances, and for filling airshijis (see Martin’s “ Industrial 
Chemistry,” Vol. JI.). ’fn Germany it is slated that io,oo<4,ooo cubic metres 
a* annually produced from this source alone. " 

Properties of CJhlorine^aS —Greenish-yellow, very irritant sufTorating gas. 
Sp. ga 2.5 (Air — 1). 1 j,-ol. water absorbs of clilorin? gas (measured at o" C. and 

760 mm.):— • 

■R;mpcralun- - - - «io'('. 20’C. ;o’('. yo'C. 

*#«k. ci^hlorine - ^ j.ooi e.ebo i.7()7 0.380 

Silnlight decomposes chlorine water, cau.siiig evolution of o.sygeii; — 

Cl^ - II.O = 2ll( 1 . o. 

Moist chlorine is*’eiy chemically active, uniting with II gas exjilosively in sunlight 
also with most metals (with e.xception of platinum), S, I', etc. Carbon is nof’ 
attacked. Dry chlorine is much less active, having no action on sodium or even 
iron Chlorine is absorbed by sodium lhiosul[)hate, caustic alkalies, lime, etc. 
Powerful bleaching and oxidising agent in presence of moisture. 

For Liquid Chlorine, see p. 31. 
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LrIQUfD CHLORINE 

LITHRATURE 

t 

See *he foregoing reference*l«i chlonne on ])p.»5, 13. a!co Pk- ff.lloniiig ■ - 
Tkkiimann.-' “ Kotnprnnierle Gase." ir^S. 

— *' hortsciirille in tier Kalirikalion •ter .morgeinisehen S.tnien, tier Alkallen, ties 
^^tininonmks untl verwanilter Intluslne/weige, i8ti3-ifKJ5 ' Tleilin, i<>Ov 
Kau^i.— Zeit. iQi/rp. O'trn, 1803. 7, 58. 

Also German l’.Hem, 50,321), 1888. Amern.m i■.lteIll, 401,1195. InigliAi I'.nents i,3, 
1888: 7,058, 1890: 1SS9-1892. 

Chem. 1906, 29, 105; 1905, 69S. 

A. Lanok. — Aft/. air'i’Ti'. Vht'm.. 1900, 684, gue^ the piitsic.sl itiopertie-. ..I iKpud elilorine. 
Gicoi-'i-rkv Martin ami E. l>\N('.\si|..ii gne .i full .ntoimi •>! iht' properties of gaseous 
anti litpiiil clilonne in \'ol. of “ M.itleri Ii'org.tnie ('lieiinsiry.’’ Etliietl hv 

Newton I'rlentl. 1915. 

In Germany, the jiroduction of large qu.tntities of i hlorine by cleetrolysi? of 
alkali chloride solution has led to the matiufacture of litjuid < hitirine on a epn- 
siderable scale. Liquid chlorine is also made in England by the Kastncr-Kellner 
Co. TItc industry arose from the observation of R. Rnietsch (ol the Hadische 
Anilin- und Soda-fabrik), in 1888, that dry litiuid chlorine dties not attack iron’. 
At the present time the h*qind chlorine is sent long distances ijj large boiltEt 
mounted on wheels (stimewhat similar to the apiiaratus used for transporting 
petroleum), and is drawn off fiom'below in .1 liquid eondititni into storage vessels, 
from which it is allowed to issue from above as .1 gas when re(iinr<?d foi use. 

When, however,* only small (juantities aie u'quired, the liquid chlorine 
IS preserved in .steel cylinders, holding from 80-120 lli.s. or mtirc of liquid 
chlorine. ’ ^ 

By means of these methods chlorine h.e been rendered availabTe in a 
convenient form, and is,, now generally used both on the large ancr's,-,wiU scale 
for chlorinating organic materials in the manufacture #f monochloracetic 
acid for the jireparation of indigo (see Martin’s “'fndus.'-rTAl Chpmistry,” Vol. I.), 
chloroform, chloral, carbon, tetrachloride, chlorbenzene, chlortoluene, etc. ; also 
for obtaining bromine from bromides. Recently it has lieen employed in warfare. 

Liquid chlorine is prqduf^d solely from concentrated elertrolytic (or Weldon) 
chlorine. Diluted ch'ivine evolved from the Deacon firocess is quite unsuitable for 
liquefaction. The process is as follows ;— * ^ ’ 

• The concentrated chlorine as jt streams from the electrolytic cells is cooled* 
in earthenware pipes in order to condense as much water and hydrochloric 
acid (if any is present) as possible; the gas .then passes through .concentrate J 
, sulphuric acid la order to dry ft, and then into the gas holder which stands 
over concentrated sulphuric,aci(^(Fig, 21). Krom^v the-gas passes Ijirough the tube 
bed into the compressing pump d. ,) '> 

The piston m works up and cjpwn ib the limb p ofjthd U-shaped tube rs. 
This \J tube is filled with concentrated isulphuric acid, but* the surfac^of the acid 
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in p fs covered with a layer of petroleum. ’J’he tube is widened at r‘ in order 
to prevent the vise and faH of the liquid Surface churning up the sulphuric acid 
anji [letroletim thei ‘in into an emulsion. 'I'he limb s co'ro^unidates with the 
holder'! by means of a vahe n and a hole / (wHch can Jie whoHy or partially 
closed by the screw p). ‘ ' c 

■i\ water bath H ‘jirrrounding s' keeps the-limb s at a temperatuie of 5 o°-8o” C., 
so as to prevent chlorine i^ondet.sing in thi; part of the apparatus, x is the .strong 
glass tube td show the^givel of the litjuitl iii r. The tube leads to the condensing 
coil^ K and the strong steel holder o. The action is as follows;—When the plunger 
M rises in u the jiressure is diminished, and (11 gas is sucked ill from the tube bed 
through the valve / into the chamber r. When, however, the plunger m descends 
on the return stroke, the chlorine which has entere/1 is driven out of the chamber 
K through the valve N into i, the last traces of (11 being forced out of the chamber 
E into T by the »xrc,ss of ai id contained therein The eom|)iete e.vjmlsion of the 
Cl from the chamber above li is essenlial, because in order to liquefy chlorine gas 
it is necessary to compress it to about of its .original value, so that if only a 
small bubble of chlorine leiiiained in E this would greatly impair the efficiency o 1 
the pump. The hole / prevents this, for as soon as the pressuie decieases in F. 



(owing to the rise of the plunger vt)a quantity of .leid is sucked Ironi t through 
the lube / in,o this chamber r so as to partially till it, and consequently somewhat 
less Q 1 IS sufcked into the chamber r, from / than propel I) corresponds to the volume 
of theYlunger M of the pump When now the iilutiger M returns on its downward 
stroke, C; .foirovvs that not only is all the Cl pres.sed out^pf e into r, but also the 
excess of sulphuric acid which had etiteivd the chamhei E through / is also expelled, 
and this stream of acid .''ires out the last traces of (11 liom F. into t. 

The C ompressed chlorine passes away from the ptini]) through f into the 
condensing coil k. Here iKpiefaclwn takes place, the liquid pouring into the strong 
steel vessel o, and then into the steel cylinder v, which stands u|)on a wciglutig 
machine. The steel tran-fi'Ott cylinders are made of .yith a size that they 
wifT'hold, .say, 50 kg. (about 1 cwt.) of chlorine. It .should he noted that for each 
‘r I. caiiacity not more than 1.25 kg. of liquid chlorine can be run in, or i kg', 
of chlorine must have' allowed it o.H I. (The specific gravity of liquid chlorine 
at - 10'’ C. .'s about 1.5.) I kg.' Cl corresponds to about 300 1 . of Cl. 'J'hese 
cylinders arc usually tested every two years u'p to‘22 atmo.spheres.pressure. 

The tirm.Tl. Stluiltze C'"., li.ive pla.e,l on the ihnikcEa don’nie-action coinpressm fni chlorine 
and similar vefy leaclive b'lsc', a section of which is shown in Kig. 2r. The appai.ate.s is worked 
hy eoinpicsserl an. .The u hole .ipparatus is made of acid-resi.sting cast iron The eomprc.ssing 
pistons for the chloiine .rie llvnned tty liquid sulphury aei 3 of 60" lie. comained in the two vess'els v,v. 
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The .sulphtric acid in these two vessels alicinaielv rise* and fall-^ lieinj; ojiciated liv compreSsed an 
entering through A. When the liquid in vTalk, it Clicks in chimine gas IhroiiHli ('he valve H ; and 
when it rises it ^xpcls thc»ch]oiine gas in a compressed condition tahoiil inosphei*i!) llnoiigh (he 
valve K. A glass tu||i* (shown in'outline) indicates dearly whal is lajffig place in each of«the 
vessels V. The chlorine ^as, thercf(*e, only ciinies into coiuaci wilh tin. sulpliulic acu) in V. anfl 
the walls of v hvliivh are«)flcn poicclain or k-ld-lmcd cast iion). 1?) Umn inrans all dihicultics as 
regards pistons,“luiring boxfs, t*k., aicav()ide(f. The WiW^lliat (hr C(nnpK#>cd au ontenn^tlnuugh 
A causes the sulpluiric acid in l) and thr r|j^imhcrs v,v («• ahrinaich ^ise and lall is .as follows !*- The 
comprCsSsed ail rushingthftargh \ into ilic ^.nn!»ci n foi?rs^thc 'iiiluhinic arid ointoV, 

thereby compressiag the chloiine lu v inul c\jKdlin^ u ihrough k \W(en. lto\M^*rt (he sulphuric 
acid is nearly expelled iigifl i> ihi- Ihialei n is Iefi^Mlh<mi su|)ptiil, and nnnirdi.ii 'v .iiiLing opc^atr-v 
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a lcv#i whu'h shuts ofl the siippl) '<T ounpiessrd an. a '<i -yii'iullaneoiislv opri t liir \.d\c («. tlui> 
allowing the roiaprcssrd pi in i» lo ost.ipr into the an I l’<' picssuic thus fails in i*. which caus»“s 
the sulphuiic .u i(l in \ tr» rii^h hath .r;ain ini<i 1>. lliUv .uM' '!ia\\iiig in In sh chloii., ihnnigh ll. 
'Phi nicchanisin is so atiangi'd dial \\ hen the siilptiiii ic leri in oin rha ihri \ i-i ising. i lie siilphm a 
acid III thr othri cliainlut \ is hdlini.'. 

Li(|uicl chlorine is a ycllinv mobile hijuid, liiiling ,il . ,o" (&l i C. il 
lias a va))our pressure o* 5.8 atmospheies, ami i'oiisis|uciUly it can b'e easily 
liquefied either by conipressiiig to 8 atniosjiheres ajiiil cooljifo nilli water, or by 
cooling lo - 50“ C. by ineaiis ol liquid CO,. > , 

The specific gravity of liquid Cl is 1.51^50 ,it - 50', i..tfi85 at o" t'.,'1.^257 at 
15" C., 1.,0 4I at 50" C., 1.2228 al 75' C., and f, i 1 44 at 100' t!. 

For properties of ChlOking, Gas see [i. 25. 
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MAN*UFACTUI.<E OF CHLORATES 
AND.. PERCHLORATES 


, 1.1 l'KK,\rLUE 

—“Stilj'liiuK 4^•Mlall<I Alkali.’’ lui^. 

I l!KIs( H —file lM!>rikiitu*n\<'n Ckloisanii'n Kali. " iSSS. 

I. Ji'inn. Si\. C/nm. Jnd., lNS(>, .joS. 

— foim:. .Sp,. Ciutn. M/, iSSc). i»)S. 

/ou>n. ■ I Cium. 1SS7. 2|S. 

Wkiiji'N /pu)h. SOi. {'he'll! /fid, 

K^.K^II \U.^ “l>it fli ktrolMischc ('liloiaiunlustnr ” Il.\!k. i<)('v 

“ Dirlsf hrilk- 111 di j 1 al'rikalnni dir .‘^.uin ti, dn Alk.du n." «‘ti1S05 

Kjo^ I'n.tTin, |()<)5 

I"'. *'1 k-kttiH’ic-uiK-u.isvi'iii;i-i L^tMl " HH)5 

II S Ikllili, I<KK», 2.''0«>. 

MI M'K \ 11 and h SI HI I I M \ nn.— l•'ll;;Il di I’aiciili-SS >; .v 1S i SS 5: Si i<SSj ; 

1.001). iSSs. ^ 

al'O thr lollow’.lij j-aU-lUs IICIOII'K, Liij.Ts}) I'.iliiit, IS.V-*'- I'.l I M 1 -M-’l 'iH 

Kiiidish 1 ‘ati.iii. iSiM ; .\tiii 111 .iti I’.iliiii, SwiEo Imiioii, Anuman I'.itMii. (>27,<)<'S, 

(At-mi.in I’ati 111. ij<*,so5, 1S9S i.iDLRiis .mil (,'>'ki;is. Ii<-n.li I'.ih iil .:2(),257. 

.MUI 2sS.iij*’, ISf),} : (>cim.Hi I'.iH-iii, 1.^0,(»7.s, |()()i L’ M 11 i> Ai K \ i I < '■ I . I I'.itciii, 1,017, 

i'<()0. IvAMioi I. I-iciuh I’.ik'ui. .>S 2 , 7 .^ 7 , lS(,S. .111(1 (iciiii.in I’.itiiit. 150,747, i()0|. Sli'-Mi'Ti 
.nid HaIsKK, Lcn’i.tii I’.iicni, lOO>. 

Manufacture of Sodium and Potassium Chlorate.- I'oci.'.siiMii chldiaie, 

KI'IJlj, and sddiuni diluratf, Xa(T().,, cM'i’llcMt oxulisiii" ajI'Tils, coMtaining 
till' chlornif aijsoiln’tVni tiu ir fornialiuii av.ii lilc lor oxidising |nn|ioscs (6( '1 3O), 

hnnee (hloiatos arc nuu li used for oxitlrn' inniioscs in van.ns Icchnical 
processes, in the |ire|iaralion of d)cs, and in 1 loth pm ting: also larg.' quantities 
of clilorate are used in the uianularttue o( e\[)losivts and iiiaK lies. 'I'hcchief 
difference between sodium and potassnuu 1 hlorales is llie fui t tli*‘. put^.ssium 
ehlorate is only sparingly »solulile in cold water, liul leadily^ soluble in hot, so 
that it IS easy to obtain ibis siibstanee in a linely ejvstalhp'.' and pure condition. 
Sodium ehlorate, howeicr, is easily soluble in i old water as writ as in fcot, and 
so in cold aqueous solution is somewhat easiei to use than potassituu elilorale, but 
more ditheult to luautifacturc 

Two processes of maiitil*'ture are in use .\e(i:inhng to the old process 
ehlorine gas is led intoi|iot milk of lime, anti the diflieultly crystalhsahle ealct^m 
ehlorate thus produced is converted into potassium or sodium chlorate by adding 
e*:es.s of KCI (or NaLI). 

The more recent clectrMytie process is lieiiig largely worked in the CJnited 
Stales (Niagara Kalis), Sweden, mid the Alps, Miere cheap l»)’dro-electric power 
,is available. lIowtv^.-r, the old process at the time of .writing is hokling its own 
against these newer proccs.sej \\*j wiS describe«;at;h iirocessin turft. ■ 

Old Process for Manufactuse of ’Chlorates.- Milk* of lime is placed 
in a large iron cylinder provided with a slitring ajiparatu.s, and^i stream (»f chlorine 
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is led into the I'iquid. Hek is evolved, and' the liquid spontaneously increases 
its temperaifire to 4e“-so° C, when the calcium hypochlorite at first formed is almost 
entirely decomposed into chlorate, according to the etiuations- 

(I) 2 CI 2 + 2Ca(OII)2 = CaV)CI)2 + CaCl^ + 2KjO. 

» ■' Ciilcium Calfium * 

hypoclilorite. chloride. 

f . ' 

( 2 ) 3Ca(0C:i)., = Ca^CIO;,}., > 2 CaCl 2 .' 

Calcium . C: Icium 
chlorate. chloride. 

Or' exjirejsed in one equation;— 

6Ct t 6Ca(01I)2 -• ('alClO.t + SCaCt -I 61I..O. 

Towards the end of the reaction a ])ink colour appears in'the liquid, due to the 
formation of snitd,.quantities of permanganate, owing to th" presence of traces 
of manganese'in the lime. The liquid is now neutralised and filtered, and then 
excess of KCl is added, when potassium chlorate is formed and crytallises out;— 

2Kn + CalCIO,),, = 2KCIO, I CaCl.j. 

On cooling the mother li(]uors strongly with s])ecial lefrigeiating machines a further 
croji of KCIO3 separates. The mother litiuors arc very rich in CaC'l.,, the fcchmral 
utilisation of which (as in the Weldon and .Ammonia-Soda jirocesses).^- one of the 
unsolved problems of chemical indu.strv (see Martin’s “Industrial Chemistry,” 
Vol. II.). 

The potassium chlorate is freed from chloride by recrystallisation. ' Ti.e 
preparation of sodium chlorate differs from that of potassium chlorate, owing to 
the fact that it is much more easily soluble in cold water, and thus more dilificuU 
to sepaiate by crystallisation. 100 jiarts of cold water at 20" C. dissolve 7.3 parts 
of KCIOj again.st yp parts of Nat 10 .,. Hence in this case the procedure is as 
fol'ows, -To the neutralised anil filtered c.alcium chlorate solution e.vccss of NaCl 
solution is added, .and the liquor allowed to evaporate until call iuni chloride, CaCl.,, 
separates out in a crystalline state. Now (llauber salt (sodium siiljihate) is added 
so as to precipitate the rest of the calcium salts in solution as calcium sulj'hatc:— 

' C-it'l. -I MoSCi, ^ C.iSO, 4 2N.1CI; Cat'IO. -1 Mi.,SO, CaSO, -I- 2Nn('iO,,. 

I’he sodium'V hloride and sodium chloiaie in the mother liquors are then separated 
by crystallisation, sodium chloiide being much less soluble in water than sodium 
chlorate. 

In pi.iclU'v 11 Is foiintl that alsnil seven limes more ihloiiiK- is nei'essary In jiinduce 1 part uf 
jMilassium clikilale llian the same weigtil of bleaehini; powder. I ioin the jireceding eijuations it will 
lie seen that, cheorelie.iDy, some five-sisllis of llie chloiim Uscd passes .iwai as tile almost worthless 
Cat'impnietirallv considerably more tluin liw sixths ol ihe used chlorine is ua.sled), but the cblorine 
thus iiTit,Jibed is coinerled into llie eiinivaleiit amoiinl of .n.ulablc oxygen in the resulting chlorate. 
This i.^,ia;n f?oin Ihe cipialions : - 

faCI - bO. 

, lafhs.l hCayOIi).. = ttatClO..).. 1 sCaCI., I 6II.,(). 

‘ Ca(C 10 :,)„ CaC:L t (> 0 . 

Manufacture of Chlorates and Perchlorates by Electrolysis.— When 
an electric current is passed through a hot aqueou.s solution of potassium chloride, 
K(ll, the current, under certain conditions, can split uj/ the water, oxygen being 
evolved at the d-pole (anode) and hydrogen at the - pole (1130 = -I-O). The 

KCl also undergoes.decomposition, KOH aid hydrogen being produced at the 
-pole and Cl at the positive pole (KC 1 = K-|-CI; K-f H^O---KOH-f H). If, 
however, these different products arc not automatically separated as formed, but 
are liberated under such conditions that they can all react together at a temperature, 
of 45 '’-ioo° C.', we get the chlorire absorbed by the .KOH formed, forming hypo¬ 
chlorite (2KOH -I- ?C ,1 = KCIO f KCl -h HjO), and the nascent oxygen also absorbed 
in oxidising the'hypichlorite to chlorate (KCIO + 20 = KCloJ. Also the hypo¬ 
chlorite spontaneously decomposes into'chlorate ( 3 K 0 C 1 = KCIO5 +2KCI). It is 
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thus possible, by*carrying out the elactr,olya«s <Jf KCl solution undty suitable condi¬ 
tions, to obtaip an ei^ellent yield of KCIO3, the final* result Joeing ei^essible by 
the equation f— 

KCH+ yH^O f KCIO, -I yllj. 

Practically ori^t traces (tf free oxygen or*chlorine»aTe evolved. 

Gall and Mlootlaux (SwitzoWandi were the (Jrjt (i^Sg iSgo) to succes.sfully 
produce chlorates 01? the large .stale by electrolytic processes, and so»fcng ago as 
1900 their factories a» Vallofloe and S. Michel wSre producing soifti? 3,000-3,500 
tons of chlorat# annually. • * • . , * 

The firSf cells of this firm ivJre provided with (fiaphragm^, and the alkaline 
cathodic liquors were transferred to'the anodic comparlincnt by special means. At 
the present time, hovfever, the u!>e of diaphragms has bCcn given up, ami the neutral 
KCl solution is simply elSotrolysed, using platinum-iridium ncf^piodes with stirrers 
in t^e cell to bring the chlorine into contact with the KOll proflucecUat the cathode. 

• * • 

The bath is healed by iie pass.igc»t)f the cuircnl lo ovei 40’ C. The baili liijiiitrs, when con- 
’ taining sutUcient KClOjj, arc renio\cd, tlic K(?l< allowed to crysttllisc out, and the in(*lher 
again saturated with KCl, aie^fllowed to run hack into the 
eiectrolyser. 

In Gibb’s Process, as used^at the National 
Electrolj’tic*‘C'o., at Niagaia Falls, N.V., the (cll 
consists of a wooden trough lined with lead and 
divided into a number of coiripartmeiits. Fig. 23 
sSbws a longitudinal section through the cell The 
anodic surfaces 11 9 te sheet-lead covered over with 
platinum foil. The cathodes consist simply of a 
number of copper wires c, fi.'.ed vertically in the 
cell by insulating bars o. I'.t are insulating strips. 

A continuous stream of alkali chloride solution is 
led in through a to jhe liottom of the atipar.atus, 
and the chlorate produced in the cell, together 
with um^iaiiged KCl and II gas, escapes through 
the openings H. , 

• 

The temperature nf the bath is kept at wlien 

the Ijrinc flows tlinuigli the tells at the rate of 2S 1 per hour, 
while the yield from the current is^abotfi 70 pt r tent, of 
iheoi^'* deiisit)' eiupl<iycil amoii .’v it> 515 

iiiTi]K“rcs per squatc at the anode, the curu t gomq 

through the senes of rt-lls being 1 ,^>50 amperes. ’I'u'w iiks 
at Niagara use 2,000 II.I’, horn the falls. 'Die escaning Imjudis must not eontain tlian 30 per 
cenl. chlorate per lure. 

# 

In Lederlin and Corbin's Cell (see French Patents, 226,257»,)f 181^, and 
238,612, of 1894) a large fluinlier of plalimim foil electrodes c^Fig. 24), fixed close . 
together in ebonite holders r. in a lank of cement, ace employed. The hot current 
of alkali chloride solution, entering at o, flows between these elcArodgf f, and so 
is converted into chlorate in tlic usu.-d way. 'I'be solution of chlorates run off at 
Q. o and II are wooden supports for the ebonite holders. 'I'his aiiparatus has 
been successfully employed*)# the large scale, and h»s been working since 1895 
in a number of Continental factories. 

• Since the formaliun of potassium chlora*' takes pl.ice according to ttii*etiuation; — 

KCl I 3tFC =-- KCIO^m- 3II., 

(only very little <ixyg»n heing evolved tluougl* secondary decomposition of w.Ucr),^l)oot J cuts m. 

* of hydrogen gas is evolved to every i kjj KC||X| produced. , ' , 

Considerahle losses of current^nsue by the reiluctinn "f the hypochhjile formed at first liy the 
hydrogen evolved at the cathode, and many proposals have ireen made fo^vcrcome this difficulty. 
Thus th.e addition of 0.2 per cent. Calila (sea French Patent, 283,737 ; ®ermafi Patent, 159,747, of 
3rst May 1904)01 the presence of jxitassium (fiftiromate and IICI (see JJerman P.auyts, 110,505, 
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is led into the ("iquid. HeSt is evoivetl, anct the liquid spontaneously increases 
its temperaiHre to 4^-50° Cf, when the calcium hypochlorite at first formed is almost 
entirely decomposed into chlorate, according to the eiliuations 

' (0*2012 + 2Ca(01I)o = c/(pCl)o + CaCl2 + aKjO. 

'■ f ' 1 Calcium Calcium * 

hypuchlorite. chloride. 

r , . ' ' , 

' (2) 3 Gi(OC 1),, = CalCK);,)2 > aCaCI^. 

^ ! i Cutriiim . Olcium 

^rhhiratc. chloride. ,• 

Or'expressed in one equation ^ 

6 (’l.. 4 hOilOII). -- Ca((:U).,)., 4 Sl.'aCL + 6 II., 0 . • 

Towards the end of the'reaction a pink colour'appears in'the liquid, due to'che 
formation of smd^quantilies of permanganate, owing to the presence of traces 
of mangancse'in the lime. The liquid is now neutralised and filtered, and |,hen 
excess of KCl is added, when potassium chlorate i^ formed /Ind cryf'lallises out:— ' 

2KI'1 -I fa{Cl(‘):). = alsCIO, t tt.iQh. 

On cooling the mother liiiuors strongly with special lefrigerating machines a^further 
crop of KCIO3 separates. The mother litpiors are very rich in CaCI^, the technical 
utilisation of which (as in the Weldon and .Amifionia-Soda processes)d~one of the 
unsolved iiroblems of chemical industry (see Martin’s “Industrial (Ihciniatry, ’ 
Vol. 11 .). 

The poUassium chlorate is freed from chloride by recrysUllisation. 'The 
preparation of sodium chlorate differs from that of jiotassiuf.i chlorate, owing to 
the fact that it is much mon- easily soluble in cold water, and thus more difficult 
to sejiaiate by crystalli.sation. 100 parts of cold water at 20" (1. dissolve 7.3 parts 
of KUO., against 99 parts of NaUO.,. Hence in this case the procedure is as 
fol’ows:—To the neutralised and filtered calcium chlorate solution excess of NaCl 
solution is .added, and the iKpior allowed to evaporate until caUium chloride, CaClo, 
separates out in a crysi.rlliiie state. Now Olauber salt (sodium sulphate) is .added 
so as to precipitate the rest ol the (alciuin .salts in solution as cakitim sulphate:.— 

■ CiiCb I Na.jSl.lj -- ('.i.SO, ( 2 N.i<' 1; C.it’IO. 4 N.ijSO, = t'.iSO, + 2Na('IO,;. 

*'*rhe Bodiuni't hlorido and sodium chloiale m the mother liquors are then separated 
by crystallisation, sodium chloride being much less soluble in water than .sodium 
chlorate. i 

In [iisiolucit lb Imnul llnil about seven tinits more fliloniif is nftVssarv to j>ro(hico i p:irl of 
potassium clibnalc than the sani- weij^bt of bleaching pnwdcr. I tem Uie picoeiliny; t*(juations it will 
be seen thal,<hc"rctit.ill\, some bve-sixlhs (»f the t'hlonnc used passes awa\ as tlie almost worthless 
(.'aCdaJpi.u ticall) considiTably more tlinn t'i\e -si\llis nf ibe used cbloiinc is wasted), hut the chlorine 
thus lUi^iibed is (:on^elled into the (‘([uivalent ainouiU ol axail.iblc f'xy^^en in the resulting clilorale. 
This Inmi the eipialions :— 

f.;Cl -- 60. 

12CS1 6 (:a;OII)o = Ca(CIO,)., -i sCaCl., -t 6 II.p 

Ca(C10j)jj -- CaCfo ! 60. 

Manufacture of Chlorates and Perchlorates by Electrolysis.—When 
an elcctrii current is passe(l through a hot aqucoui. sifiution of potassium chloride, 
Ji(d, the cunent, under certain conditions, can .split ujrthc water, oxygen being 
evolved at the +pole (anode) and hydrogen fit the - pole (H..O = + 0). The 
KCl also undergoes .decomposition, KOH aid hydrogen being produced at the 
-pole and Cl at the po.sitive jiole (KC1 = K + CI; K + H.O = KOH + H). If, 
however, these diffeient products are not,automatically separated as formed, but 
are liberated under such conditions that they can all react together at a temperature, 
of 4S°-ioo°. C.‘, we get the chlorire absorbed by the .KOH formed, forming hypo¬ 
chlorite (2KOH -I- ?C,1 = KCIO f KCl -t; HjO), and the nascent oxygen also absorbed 
in oxidising the'hypochlorite to chloratq (KCIO-I-20 = KCIO,). Also tl^e hypo¬ 
chlorite spontaneoujly decomposes into'chlorate (3KOCI = K(ilOj-l-2KCI). It is 
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thus possible, b/carrying out the elactr,oly»is <»f KCl solution undty suitable condi¬ 
tions, to obtain an ej^ellent yield of KClOj, the final* result Jreing ei^essible by 
the equation f— • ' 

KC1*+ JH„0 KCIO., -t 

Practically onV traces 0( free oxygen or*chlorinc»are evolved. 

Gall and Mootlaux (Switzeiandi were the frjt (^891890) to sitcces.sfully 
produce chlorates on the large scale by electrolytic proccsst*, and so«!bng ago gs 
1900 their factories at Valloftie and S. Michel wSre producing soiti^ 3,000-3,500 
tons of chlorate annually. • • # , , • 

The firSf cells of this firm wire provided with (Jiaphrugmii> and the alkaline 
cathodic liquors were transferred to*the anodic compartment by special means. At 
the present time, hovfever, the use of diaphragms has been given up, and tlie neutral 
KCl solution is simply elCatroly.sed, using platinum-iridium nctypiodes with stirrers 
in tjje cell to bring the chlorine into contact with the KOI I profluced,at the cathode. 

, • ■ • 

The bath is heated by Ihe pahsago*c)f the cuircnt to over 40 ''' C. Tlu* batli litjuors, when con- 

*J;aining sufBoient KCIO;,, are removed, the KClOj allowed lo crysttllise out, and ihc mother lit|Uors, 
apain saturate<l wiili KCl, are^lllowed to run back into the 
eleclrolyscr. * 

In Gibb’s Process, as used^at the National 
Electroljtic*"Co., at Niagara Kails, N.V., the cell 
consists of a wooden trough lined with lead and 
divided into a number of compartments. Kig. 33 
sftbws a longitudinal section through the cell The 
anodic surfaces 11 Ac .sheet lead covered iner with 
^jlatinum foil. The cathodes consist simply of a 
number of copper wires c, fixed vertically in tlic 
cell by insulating bars o. f,k arc insulating strips. 

A continuous stream ol alkali chloride solulion is 
led in through c to Jhe bottom of tlie apparatus, 
and the chlorate produced in the cell, together 
with untiianged KCl and M gas, escapes through 
the openings ti. 



Kir.. 2! 


-tiibti’l Clcctiolytic t'cll 
fur CliJuMlu. 


The Iciiiperalurc uf tlie bath is kepi at bo"-70" t’., wlicn 
the biine flows through the cells at the r.ile of 2S I. per himi, 
while the yichl from the cutrent is,al»oitt 70 pei c rU. of 
theoiy. Tile current tlcitsity cniplo)e(i amoimts t* 55 
atriperes per scpiarc met.?- at the anode, the current going 
through the series of cells being 1,650 ampere.s. Tlie works , 

at Niagara use 2,000 II.P. troin the tails. The esraping liquors must not contaiii mqic than 30 per 
cent, chlorate per litre. 

^ « 

In Lederlin and Corbin's Cell (see French Patents, 22(1,257^)1 t 8^, and 
238,612, of 1894) a large ffumber of platinum foil electrodes c/Fig. 24), fixed close , 
together in ebonite holders it in a tank of cement, ar_e emiiloyed. The hot current 
of alkali chloride solution, entering at o, flows between these eleArodtjji C, and so 
is converted into chlorate in the usual way. Tbe solution of chlorates run off at 
Q. G and H are wooden supfiorts for the ebonite holders. This apparatus has 
been successfully employed*)*'the large scale, and h«s been working since 1895 
in a number of Continental factories. « 


• Since the formation of potassium chloia*.' takes place according lo th«e(|uation : - 
KCl t 3II2O =- KCIO^wt- 3II,, 

, (only very little oxygan feeing evolved thVougli .secondary decomposilion of water),^rbout i cult. m. 
of hydrogen gas is evolved to every i KCIp,, produced. , ' , ’ 

Considerable losses of currenrttnsue by the reduction tlie hypuchlofite formed at first by the 
hydrogen evolved at the cathode, and many proposals have been made niarivercome this difficulty. 
Thus th.e addition of 0.2 per cent. CaClj (sea French Tatcnl, 283,737 > ®crma!l Patent, 159,747, of 
31st May 1904) or the presence of |x)tassium (fifttromate and HCl (sec german Patqpts, 110,505, 
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. < ‘ ^ 

of 29tH March 1898, and I 36 , 678 ». of I2lh 1901) fonstdera^Iy reduce the'loss, poslibly owing 
to the formation on'the cathode 0/ a thin layer of Ca(OII)2 or CrfOIOg, which acts as a dikphragm 
and preventAthe evolved hydrogen loo readily from coming into contict with hypochlorite 
ge«eratQd. When chromate is used llie temperature of the bath is kept'a^, 75“ C. The United 
Alkali Co. (English Patent, 1,017, 1899) add alumi^^'um salts/or clay, or '.licicacid to the electrolyte 
for the same purpose; Siemens and Ilalske (Cerm.'n Patent, 153,859, bf 22nll Inarch 1903) add 
fluorides, while the (Ittman Solvay (German Patent, 174,128, of iith «»fanuary 1905) add 

soluble vanadium coni|)ounds-jan ^f ydiich process®, rais/ the current ^vield of chlorate. 

The sligl# revolution of chlorine at the bcginnir^ of thd electrolysis m&y be avoided by adding 
KOH to the‘’la/h, a proefas, lowewr, which diminishes thc^-yield frpm the'current employed. 
Petter yields are obtained by keeping the eleclroVle slightly acid, when the free, hypochlorous acid 
forijied proRioles the formation of flrtorafe according to tho e<juation : — 

KOCl + 2HOCI = KCIO, 4' 2IICI. 

The current needed for producing one gram-molecule (122.5 S-)— 

'kGIO. - 6Cl = - [ 5 i amperes per hour. 

♦» 60 X 60 ‘ ‘ 

t 

A current of i ampere in twenty-four liours can yield 18.3 g.<KClO{. 

The manufacture of sodium chlorate, Naf'iO^, from'p.alt (N4CI) is airricd out*' 
just as the manufacture of RClO.j from K.C1, hm owing to the great solubility of 



NaClOy in water a conijilete se])aration of the Na(dO^ from the NaCl is only 
attained by re[)eated recrystallisaiion. 

Manufacture of Perchlorates. —When the percentage of sodium chloride 
in the*fekctrolytic bath falls below 5 per cent, perchlorate, NaCi04 is formed, 

‘ together with chloratt., NaClO;;: * 

• * * NaCl 4- 4IU) =. NaClO, 4- 4II.., 

NaCl 4 3II.P = NaClO;, 4 - 3H.I 

c " 

If the temperature is kept low anJ the current deiisify small all the chlorate will 
disappear, being converted irtto [rcrchlorate — ' , 

• • c 

NaCIOj + lU) = NaClO, + H.. 

- . « " •< 
With to per cent. NaQ or more in solution [lerchlorate is not formed in noticeable 

.quantities, and also jierchlorate i^.not formed in liot baths. The conditions of 
formation of perchlorate from chlorides, therefore, are dilute s»ltp,ions of chloride, 
low temperatures, and loi? cunjenf densities, however, in the manufacture of 
perchlorates, usually fiey arc not obtained directly frouj, chloride solutions, but 
the chloride is coBV(?tt»i first into chloiate, apd then the chlorate so obtained is 
electrolysed into perchlorate. ' * 
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Wintellr ( Zeit., 189^, 89) haj workt^ o*t in detaij the Ijest ronditions. A'iSuming 
that thekolulion only contains chlorates, he finfis that these condi^ons are:—(il*A low temperature 
at anode, (2) amtacid solution at anode, (3) current density, 8-12 amperes i>er square (Jlctrc, (4) hiqh 
concentration of the ete^trolyle, (sf artificial cooling of the electrodes. ^ 

• Lederlin (German Paftnl, 136,678, of igoi^adds hichromate to the electrolyte (iicst by adding 
chromate and tlmn^t jicriftdic intervals running in some free IlCi). He claims lhaithis procedure 
greatly incrcasesShe yield hf perchlorate. Wilson (Gerlliifti Patent, 143,347, of 1902) ad'Oises the 
pre.sence of a little free,chlorine in the batii. 

Couleru (Ciiem. Z^ii., 19*16, 30, 213) states tljat l^ie tiectrolys^ jol the INaCl 
solution is continuc(> until a solution otgitainino some 750 g. ])er litre of sodium 
chlorate, NaCIO,, is obtained—thereby saving the*«xpcnse of concentrating jthe 
liquid. A Crude sodium chlorate.is deposited from this solution, which is then 
rediss lived in wate;, and so g solution containing .practically only chlorate is 
obtained, the presence of.chloride or hy|)ochlorite being injtnious. This chlorate 
solution is then electrolysed for perchlorate, using platinupi* anodes and iron 
cathodes, the electrolysis being carried out in as .concentrated* a solution of 
chlorate as possible. • • 

Any alkali formed is neutralised, and the bath is ke[)t between 8° and 10° C., 
a temfierature over 25“ C. being very injurious indeed. The temperature is kept 
low either by means of cooling coils inserted m the bath, or else the electrodes are 
them.selvcs cooled internally, special refrigerating machines being used for the 
purgost^ *■ 

The current density, and .also the adtlition of various sub.stances to the electrolyte, 
doeii, not effect to any great degree the yield, which timounts to S5 jter cent, of 
theoretical. The electrolysis should be continueil until all the chlorate is converted 
into sodium perchffiratc, which, being very soluble in water, iloes not crystalli.se out. 
'Sodium peichloralc, moreover, is hygrosco|iic, and so is (piite unsuit.able for the 
manufacture of e.xplosives and firework.s. It is therefore never isolated as stich, 
but is always directly < onverted into the more convenient and non-hygrosco[)ic 
potassium perchlorate, KCIC),, or ammonium perchlorate, NH^CI04, by 

adding to the conttMit sodium perchlorate solution excess of KCl or ammonium 
salts (qNlIiCI or NH,NO.,), and crystallising out. 

KCIP)^ IS .only sparingly soluble in cold water, 1,000 c.c. cold water merely 
taking up 15 g. KCIO4, and hot water some 18^-225 g., so th.at it is very easily 
separated by crystallisation from Nadi, winch is much more .soluble bvcold water-. 
r,ooo c.c. cold water dissolves 250 g. amtiHinium perchlorate, and .so the ammonium 
perchlorate is somewhat more ,dill»;ult to ficv. from NaCl by crystallis.uion ; how'- 
evet^ as the solubility^of the ammonium s.ilt rapidly increases with^hc temperature, 
in practice not much difficulty is experienced m [trciiaring pure .immoniiim 
perchlorate. • 

The crude salts which crystallise out are washed with a little w. 1 ter, and are 
obtained easily 99 per cent. pure. They are dtied with steam, or hot ;iif, at a 
temperature below 100” C. 

In A Wfl st.Ue llie substances are ni>l in anyway dangerous; wlit-n *lry, however, and mixed* 
with oxi<li-‘sal)le organic matter, they may set up dangertius exprosive #.iml)usHo% and accidents have 
occurred owiitg tt) workmen’s clothing becoming impregnated with the iKjuors, which havcThen dried. 

Considera[)]c amounts of perchlorates are* manufactured for explosives, per¬ 
chlorates being better adapted for this jmrpose tha% chlorates, both on account 
of their greater stability Snd their higher perci^fUage of oxygen. 

• Analysis.—The amount of perchloric i^id is not estimable by titration, as the contained oxygen® 

is not active. The amount of metal in the salt is. therefore, obtained in the usual gravimetric 
manner, and so the amfiunt of perchlorate is calculated froii this. ♦ 
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BL-EACHING POWDER* AND 
.HYPOCHLORITES. 

s 

IJTERATURK 

Luni.k.— “Siil^'huric Aciti and Alkali.” 

lAcKi.irARDi. Hypocldoiite und I*dclsliis<'hf lilciclic ” 1903 

BLE.L'HING I'OWDKR 


WiiKN moderately dry' slaked lime is treated witli chlorine in the cold, it 
»feifs«l)s some* 35-36 |)er cent, of chlorine to foim a dry white powder, which 
possesses stroiitt yoaching and disinfecting pro|)erties, and is known as “ bleaching 
• powder” or “chlotide of iiiiie.” 'I'hese properties arise from its power of giving* 
off the absorbed chlonne again when tieated with acids. .Mthongli commercial 
bleaching powder usually conlain.s only 35-36 per cent. ‘‘avail.able ” chlorine, yet, 
if the temperature of the lime be ke|)t between 30' C. and 40" (’., a bleaching 
powder containing some 40 per cent of av.ul.able chlorine may be obtained, ijiider 
very special circumstances lime has been known to lake up as much as 43.5 
per ftiQt. of “available” chlorine. The actual amount of available chlorine 
in bleaching powder depends greatly on the mode of manufacture, its age, etc. 


Tlif /(dliHS'inj,^ OH’ lypic.il iiiSlysis o( 


IVr (Vnt. 


Available (klonnc 


\Chlorine aj ihlonde 


Chlorine tr-T chlo/aft^ 

o.os-0.26 

Linn- 

- 43 5-44 5 

Ma^^nesia 

03.04 

ferric oxide - 

0.020.05 


IiltMtluni: fjouder: - 



Per ( cni. 

\!ui>iina 

0.3.0.4 

in'^ancse oxide 

trace 

(\i'l\'uu and 

0.2-0.5 

SCtiU 

O- 3 - 0-5 

Water and low 

16.3-17.0 


Lunge an<l Schappe niiule a Hf.ulung p(»w<lcr with perfectly pure lime so^s the 


• 


I'?r ('cut. 

Available 1 hloi me 


• 43 -LL 

i 'hloruie as i blonde 


0.2^ 

Ltme 


39-89 

CO., 


0.42 

(dirccLestimation) - 


17.CO 



100.73 


• In 1785 C. L. Berlhnllet, in Paris, di'^overed the bleaching action of “ Javel water,’'producet^, 
by llie action of chlorine on potash. Watt brought the news to GiJkgow, and in 1798 Charle* 
Tennant patented a process for use of cheaper lime it^stead of j«»lash, tliis patent being sul^ 
se<|uently declared void because lime hj^il bc;fn used foi*the same purpone in Lancashire for some 
years prior to Tennafil’s |)atent. It was therefore only natural that the action of t^c chlorine in the 



’ Perfectly dry slaked lime, is not atfted on at all by cldttrme.^ For the best results 

the lime .should contain some 4 per certl. cjf excess water r>ver tHit rcifuired for the formula 
Ca(OH).., and the lime should be as pure as possible. 
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Ca(0H)2 was thought to be similkr in nature l.) that which occurs when chiorine is led into 
cold KOII or NaOH solutions, when potassium or sodium hypochlorites (KCIO or NaCIO) are 
formed, and so Heaching powder was at first thought to be merely a mixture of CaC’^ and calcium 
hypochlorite, Ca(CIO)2, produced thus:— 

2Ca(OH).j + 2C!.i = Ca(C 10 )a + CaClg 4 - 2lLa. 

Cakium Calcium * 

hypochlorite. ':hlonde. 

However, it sccnis practically certain that ordinary dry bleaching powder does not contain calcium 
hypochlorite, CatCiO)ji, as such, and the exact constitution of dry bleaching nowder or “chloride of 
lime”is still a matter of dis[)ute. Balard gave it the formula Ca(OCl)2.CaCl2 + Ca(OH).2; while 
Stabhchmidt proposed the formula </.i(OCl)(OII).CaClo.2lLO. However, the form\ *a now most 
favourably received is that suggested in i86l liy W. Odling, who assumed that the essential 
component of bleaching p<wder was the compound Cl—Ca—OCl, which is mixed with uncombined 
lime, Ca(OH)2. 

Commercial bleaching powder is IkjsI represented by such a formida as Ca{OCl)Cl + //.Ca(On)2, 
where « —nearly that is to say, 2Ca(OCl)Cl4 Ca(OH}. 

Tlic formation of the comjiound Cl—Ca—OCl could be regarded as due to the neutralisation of 
lime by a molecule of each of the monobasic acids formed iiy the action of chlo.inc on moisture 
present in the lime, thus :— 

/Oil HOCl / 0 ('l 

C.i< -f- =Ca< I 2II0O. 

\)II IICl ^C 1 

It is very probable that Odling’s formula is correct, and that dry bleaching powder doe- not contain 
any calcium chloride as represented by ltalar<l\ and St.ihlsrhmidl’s formul.e, for the f llov’ing 
reasons:—(i) The chlorine can be completely expelled from bleaching powder by moist COo at 
70” C., whereas ( a(Mo is not ‘o liecomposihle. (2) (lood bleaching powder is not deliquescent, as 
it would be if t'aClo as such was present in it ; also CaCb is readily soluble in alcohol, v'.ferea* 
alcohol extracts very little CaCL from bleaching powder. (3) bleaching p(i\ Jer cannot be made 
. to take up more than 43.5 per cent, of CJ. 

Althougli ordinary bleaching powder is regarded as not cf)ntaining calcium 
hypochlorite, Ca(OCl)2^ as such, but rather the compound Cl-Ca-O-Cl, yet this 
only, applies to dry bleaching powder. As soon as the bleaching powder is thrown 
into'excess of cold water it is decomposed thus:— 

aCafOCDCl ^ Ca(()Cl)o + CaCI^. 

Itleaching CAlcuim Calcicni 

powder liypcx hiorite. chlorirle. 

The caiLjum hypochlorite, Ca(CIO)2, -nd calcium chloride jiass into solution, whilst the unchanged 
,.alcium hydroxide forms an insoluble layer at the bottom, the solution po.sses.sing an intensely 
alkaline reaction owing to the presence of some dissolved Ca(OH).2, whicli, of cour.sc, is a strong 
lxi.se. It lias I'leen suggested that hydrolysis takes place, thus : — 

• Oi((K'l).. -I II.O ('a((HI)., + IIOCl. 

The practical application of bleaching powder depends upon the fact that when 
excess of acid is added to the solution, practically all the chlorine is evolvable 
as free, chlorine, thus 

> , ■ 0 »(C 10 )„ + Ca(:i„ + llaSOj = 2CaSOj I- all.p I 4CI. 

Ca(C 10 )j + CaClj -t 2IICI = aCaCL + alJ.jO + aCl. 

It i.s probable Ihai the liberation of chlorine by acids is due first to tlie formation of hypochlorous 
acid, HOCl, thus:— 

Ca{OCl)CI 4 - HCI = HOCl 4 - CaCla- 

The hypochlorous acid formed is^very unstable and decomposes with excess of acid liberating 
chlepnc, tlms;— 

, HOCl 4 - HCI =: CU + II..O. 

1 ^ ^ 

.Very dilute acid added to '.ilcaching powder liliciates hypochlorous acid, IIOCl, atone. 

It is the amount of chlorine thus set free, t,he “available chlorine” as it is 
called, which determines the technical value for bleaching purpases. 

In bleaching with bleaching pov'der or wi.h sodium or potassium hypochlorite, 
the fabric is steeped in a dilute aqueous solution of (he bleaching agent, and then 
in dilute acid. Kypocilorous acid, HCIO, is liberated as above described, and 
then free chlorine. The chlorine acts on!the moisture of the wet fibre, liberating 
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nascent%xygeni(HjO + Cl2= 2HCI4 O) nihicli oxidise* the colouring matter’of the 
fibre into a colourless oxidation product, and so “ bleahhes ” the fibre. , 

Treating«with^€id in this manner causes a rapid and energetic'blcitching action 
to take place. Ho%ever, treating the> fabric with a dilute a(iueous solution’ of 
bleaching powder cailjes a moderate atvd even bleaching action, which is accelerated 
by the action\f atmospheric CO.,.^ ’ ’ ’ . ’ 

The bleaching acticM of*liypodil<)rous acii* is generally slaved iA bcjlvvice lhal,>.<®lhe chlorine 
it contains, suppo.sing thjt this latter .were to lx:'m a frey str*e, a»may be tpwi* bom the two 
equations: — * • t 

CI.2 -I H .,0 = iHO + 0 : allOl'l ss.allCI + 2 (), 

However, av* seen from the e<juali()n reprcsenlinj; the ni.itiufaetitro <»t blcachmg powdei or 
hypochlorites(c.».,2Ca(OH)..) 4a = Ca(ClO)„ K;aCl.,+2ll,(), 210)11 + 2Cl-= KOCI t I 0 .. 1 +ll., 0 ), 
since two atoms of chhfrine arc retjuired to form one mtjlecuU^ of llOCI (since an ecjuivaleiU of 
HCI is formed at the si^iic tinted, this advaniai^o appeals praeiieally to l»c sdiycwhal illusionary. 

•Manufacture Bleaching Powder. —For thp manufacture'of good quality 
bleaching powtler thealimc nuwt be carefully slaked so as to form a dry powder, 
.containing about 4 per cent, more water th.aii corresjKihds to the formula ('a(OH),. 
Perfect dry lime.docs ifot absorb chlorine at all. The lime should lie as [lure 
as posable, and is passed through a sieve Iteforc usis The chlorine gas should be 
cool and dry, anjl carefully free^ from IK'l; it should not contain much C 0 „. 
Th^ p^sence of a little CO^^iii elcrlrolytic 01 Weldon (hlorinc (wliieli is very 
concentr.ated) docs not matter, becau.se CO„ ac ts on the (Ja(()n), much more 
slow^ than the chlorine, ('.onerally speaking, (>4 parts ol slaked lime yield 
100' [arts of 3b per cent, bleaching powder. 

For the maniiTaeture of bleaching powder two kinds ol technieal chlorine are ^ 
".available I) I'he very eoncentrateii IVeldon or eleelrolytic chlorine, which acts 
rapidly and energetically on the lime. (2) The very dilute Deacon’s chlorine, which 
acts less energetically. Fntirely different pl.uits are used with these two kinds for 
chlorine, and we will descrilie each se|)arately. 4 

I. Manufacture of Bleaching Powder from Concentrated 'Weldon 
or Eleftrolytic Chlorine.- -The lime is spread in 3 or 4 in. la)ers on the floor 
of a la[ge “clflorine chamlicr,'’ some 6 or 7 ft. iu'gli, 10-20 ft. wide, and 100 ft. k^pg. 
The walls arc made out of tarred or asphalted s,fndstonc slabs (asjih.ilblie'ing very 
resistant towards clilorine); in modern piarlice, however, the top rind sides arri* 
made of sheet lead fastened by stj;aps on timber work, like vitriol chambers. The 
cntsance is covered over with rfiplialted iron p'ltes. The layer oflshloiine is raked 
into furrows in ordered expose a larger suifaee, and a stream of chloiiae is led into 
the chamber from one of the ends of the ehambi'r; an opening inalie other end 
of the ch,amber allows the air to escape. Two windows allow the ♦nterior to be 
viewed and the flow of cblonue to be turned off as soon as the chamber,is full. 
The outlet is also closed when the chamber is filled with ehlorine. -.The^i^lorine 
enters through a ])ipc pl»red at one end near the rooi of i]ie chamber* being a 
heavy gas it sinks downwards, and is at lir.st lapidly^atisorbed by the lime; later the 
absorption becomes slow and the temperature rises, bul’gre.at c;#e must*be taken 
that this latter never exceeds 25" C. (Ircat excess of chlorine should also he 
avoided, and so usually a definite amount of linkirine is let into the chamber; the 
chamber is closed and aBi4D.'cd to stand some Iweije to twenty-four hours. In 
order to expose a fresh flirface the lime is turned over from time to lime. Filially, 
before allowing workmen to enter the chamber and remove the bleaching powder, 
file last residues of chlorine must sucked out, either b)» passing in a stream of* 
air, or simply by injecting some finely powdered lime dust (Knglish Patent, 7,199. 
1886; cf. “Twenty-third Report on..Alkali, iTc., Works,’’ 5<!-f)o), which absorbs- 
' most of the chItMne. 

A chamber making 10 tons blc.i?hing powder andA'ont.iining tail fxcess of chkirine res-juire-s 
some 4-5 cwt. of lime dust bl*wn li^through a S|)t.'ial fan or distnliuti#.. This reduces the Cl in 
the chambers to atamt o.S gr. per cubic ifoot^ producing 6 cwi. of ^rr.i Iflcaching powder, and 
requiring about two hours to settle, before ahiowing workmen to entgr. the air of^the chambers 
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(which t,hould be te'.ted hy the works’ che^-iistj shoulcl, not contain more thaa gr/of Cl per 
cubic foot. Bleaching pt)W(ler chambers should have alxiul 200 mj. ft. of chaniljer space'per ton 
of Ideaching i 5 i)wdcr•mule per week (see “Twent\*first Report on Alkali, etc., -JVorks," p. 12, 
for,,rules|. ’ ^ 

The bleaching powder is then packed yilo very yell-mmle wooden casks (but 
of hard wood) for transport and storage. ^ ^ 

The enrls art- coaled wivh plaster of Baris to pieveiit access of air, 'which suon spoils the powder; 
the’full casks hv.is/ he .stored^m a ts )(il, dry place, both rain and stmshine I’ainaging the material. 



'I'he yield of bleaohing powder is usually times the weight of the slaked 
lime. 


^ince the taking ovoi and indeed entry of the chronne‘chambers by worki^^en is very injurious 
for the healti), ahd lias- often been .tuended hy fatal accidents, many devicc.s have been proposed and 
adopted for mimmSing th^ risks. In sfm^^ forms ol apparatn'* tlie lime is laid on perforated shelves 
of tne chlorine chambers, wnd the raking of the halt finished i^leach?hg powder is entirely worked 
from outside hy medianicafi appliances. These j)lanls,ido not .seem, however, to have been very 
successful. w 
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2. 1 M[anuf§cture of Bleaching P9w4er from Dilute Deacon Chlorine. 

— The diluted chlorine evcllved from the Deacon prtieess is not stiitable for making 
a good bleachin|:,powder from the chamber process above dSscrib/d, and so an 
.entirely different s«ift of apparatus is,usually emiiloyed, being known, from'the 
name of its ijiventsr, as “ Haseneleycr’s Cylinder Apparatus” (Kngli.sh Patent, 
17,012, i88i4). It i.f^llustrated in Fig. 25. » • • • 

The apparatu# consists of si> or eight cast-iriPt^ cylinders, lying vt/tiVally one 
above the other, oT length sorrie i2-?o ft., each provided ,i?ith a fcApng worm w, 
which is kepy revi^fing slowly’by means of the cog-wheels I'h’e slaked lime 
IS jioured in at a into the toptijost cylinder, ilnd as gradually moved downwards, 
as indicaCd by the arrows, from cylinder to cylinder until it’fmally ’escapes Vrom 
the bottom cyHindcr at n. Mt-aflwhile the Deacon chlorine, freed as much as 
possible from HCl and (ffC, Is jiassed at c into th6 bottom .cylinder, and streams 
along in a directitm oppiisite to that of the moving slaked’'<me, finally escaping 
at,the topmost cylinder by the pipe n. 'I'he chlorine is all Misorhed by the lime, 
and there essiipes at n a practically chlorine-free gas. The bleaching powder is 
let out from li from time to time.into a wooden cask situated below. Since chlorine 
gas might attack^the inv> work of the spur wheels, the laller are painted with HaSD, 
(Blanc live). Fac.h ol the cylinders is [irovided with a number of lids k,k., which 
can bt> removed when the apparatus becomes blocki-d up, or when some other 
distiirbanee neCLtisitati' the mteiior of the cylinders being investignted 

•lij?lhis apparatus no danger results to the woikmen (as m the chamber pi .. ess), 
Ijecause they do not come into contact eilher with the lime dust or wi'n the 
AWnilie fuinc»!. The resulting bleaching powder contains about t,() per cent, of 
available chlorin*. 

The appni.tills r.Tuiioi l.f iistd foi t!i.‘ in-Kim li"ii of MlmcIimii): 1'"U(1ci fiotii Toncciilratfd 
thloiinc, smti as fn.m iIil Wtld-iii or ckilr-iKiic piutcsscs, Iksmiim tin- inne w-nild lieiil 

up lo(7 fjuu Uly 

Deacon’s Apparatus r-i-nsi^is <7f C iMinburs provided witli lar^t* numhtVs of 
shelves: till- linu-* IS spiuad in i-in. Iv.cr^ on ihnsc shvlvos, ami tlin chlorine 
allo\^‘d lo (in Liiatc over iheiii in slk h a inanrur that ihc ■'tnint^csL (1 <omes into 
contac? \vitli*ncarly fmislicd bleaching powder, and the last gas, eonlaining only 

tnu'e.*?of (.'1, is passf'd inl(> fiesh lime. 

* • 

» 

Manufacture of Pure Calcium Hypochlorite. I’me calcium lupo 
elilorite, Cad'lni,, lias rei eiilly‘lieeii iii.iii'ilactiir.'d liy the (iriesheim-Klektron 
Company ((lerniaii ^’.ileiit, iSS,.:;2.|, of 27th \piil 1 ()o6) by slowly passing chlorine 
gas into a cold apueous milk of lime, filtering ilie lupiid, and evapoi.iting the still 
alkaline lii|Uid m v.ieuuin when colourless crystals ol ('a(CIO). seiurate. These 
are washed and diied /// rsiivw when a dry white powder, free from moisture 
and water ol crystallisation, is ohiaiiicd m which no less than Ko-oo par'i ent. of 
the chlorine present is in the form of available 1 lilorine. It is claimed That this 
kind of bltadiing' powtHa is more stable and keeps hettci' than that obtained I’h' 
usual methods. I'he eiystals, if not rapidly deimvcd of water, laj,e niuel;, chlorine.” 

Accouling to auoiiicr piuciit t.ikcn out hy llie siiint-^uin ((jermau Patent, of loth March 

1907) if llir chlonnntmn he carried out with a omeontratod solution til .slaked lime, so that the 
.sjfccdic gravity of the Jilleied‘dilution exceeds 1.15, (hen we eel (‘renpiialcs trrAloiihle compoimd.s 
of lime and calcium hyji^hloifle, of coinjxisiiiou ('a(()(’a(()lI).^ and <’a{CK)).,.4Ca(Ofl)2. 
These insoluble substances rocpiire a cfuisideiahle vyluiuc nf water to spin them up and w+lhhold 
from effective xue a Cfinsiderahle amount of availahle chlorine, causing much of (he milkiRes.s ^ 
*the ordinary solutions of hleucliinfj. pow'-Jiers. However, if the passa^fe of chlorine into the liquifl 
is conlmueti these compounds are gradually aitai ked, the CafUIlL taking up cldo/ine and being 
converted into ('a(CI0)2. Hence, in order to prepar-i^very strong solutions, \vj must first of #11 
add to .1 chlorinated slaked lime solfllion a weighed quantity of slaked lime, alien a precinitafe 
occurs of the abovt compounds; then chlorine gas is passed m-until the precifdtates arc dissolved 
;igaln by the complete chloririation 7 )f thc^limc. iJy repealing the ajldition'^of lime and leading 
in chlorine again, it is [.K)s.rHfle to obtain calciiun hypochlorite soIu*jons of almost any strength 
until the pure Ca(OCJ).> crystals Begin to separate. The pre.sencc'/ iL'aCJ., solutions fevours the 
crystalli.salion. ‘ “ ' 
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Valuation of bleaching Pow^pr.— For typical analyses of bleachinjppowder 
see p. 43. Bleac!hing powdef is a very unstablfe substance. II is decomposed by 
atmospheric Vioisture, the carbon dioxide of the air acting as a feeble ^id as above 
ind^ated (p. 44). It even decomposes slot^ly when Jtept in a yelf-stoppered bottle. 
The loss of available chlorine on storage in a cool, dark pl^ce (where it is at a' 
minimum) amounts to ^ per cent, lot J per ce'nt. per month, ifn sunlight the loss is 
much mbrf rapid than thi^s, apdi is attended wit^i the evolution, of oxygen. The 
solution is niuch mofe^ unstable than the'dry solid, decomposing on warming 
in two differefit'dircctions, a^repfesented b/ the two equations ^— 

3Cu(aO)a = Ca(CIO,.).i •+ aCaCl: CalCTO). = CaCI.^ + 2O.* 

* , * f * ' ” 

It is, of course, very important to deternjine the amount of “'available” 
chlorine present in a sample of bleaching powder. . 

This is done as follows ;— , 

C * • 

A wei^heil (juaptUy of hlcachtii;; powdoi is (lioroujjhlv ground wnh water and made up to a 
measured volume oy dilution wilh|Water. This solution is tlien tiiralod l>y adding excess of*Ki 
solution. On adding acetic acid, chlorine is liberated from ihe^bleacliing powder, >fhlch sets free its 
equivalent of iodine (('!., I 2lvi-*4fKCI f i..), uhich latter i'j then titrated in tlie usual way with 

' N 

starch and sodium thiosulphate. l,ooo c.c. of ^ sodium thiosiilphali* A<ed up Oirrespond to 35.5 g. 

of availalde chlorine present. , 

Another methf‘d is to titrate llie hleaoliing powder sol^ti'jn willi ilecinorm.d sodiiiiu ar.senite 
solution, the end of the reaction being determine<l hy means of starch, and used an outside 
indicator. When llie litr.ation is complete a drop of the litpiid, removed and placed iQi paper 
iinpregnale<l with siauii and Kf, will no longer gue a blue stain. The amount of soduim'-rsenite 
solution used up is related to the amount of lile.iching powflei by the following e'p^ttion : - 

Ca{Oa}ri I Na.tAs04 = Na.AsOi + CM.. 
r N . 

In other words, 1,000 c.c. <»f - sodium arsenite soluiion used up coyrespond to 33.3 g. of available « 
chlorine. 

In some works, especially in (Tcrmany, Ideaching liiiuids are obtained on the 
sp(>t.‘as required, by passing chlorine gas {evolved from liquid chlorine in steel 
cylinders) directly into milk of lime. Sometimes a soluiion of bleaching powder 
is treated with solutions of sodium, magnesium, or aluminium sulphates, «when 
strong bleaching solutions of sodium hyjmchlorite, magnesium hvp^>(''hl(fl’ite, or 
alu/ij’riliu.'n hypochlorite arc obtai/ied. 'J'hesc soliition.s i)leach in alkaline sdution 
fomewhat iTirtI*e rapidly than bleaching powder (calcium hypochlorite) solution, but 
they cannot be obtained in the solid form (see, hiiwcver, p. 47). 

Use of Ble..ching Powder as a Disinfectant.—A solution of bleacIWng 
powder is a very valualrle disinfectant. One part of blcacliing powder will, in 
three hours, sterilise 2,000 ]tarts of ordinary sewage. 

. J)lcctr()lyse<l brine (^ee p. 54} has liecn n^ed as a disinlecling fliii<i. It is claimed that it is 
cheaper (even if produced by the local auth-uiiv) and more eficotive than.mosi other materials. 

. < 

Electrolytic Bleaching.--When an electric current is passed through a 
solution of confnion .salt without the intervention of a diaphragm, so that the liquids 
around tly; cathrvle and llie adode are free to mix, we do not get chlorine gas 
evolved as such, but rather a solution of sodium hypochlorite is produced by the 
interaction of the nascent chlorine'evolved at the anode and the caustic soda 
produced at the cathode, thns^;— ^ ,• 

. 2N,i()U*1 20 ^jNaO a NaOCl s' llt.J. 

7’his'solution may then be run off immediately and used for bleaching purjioscs. 

*, Within the last twtsity years this method bias largely displaced the use of 
t)jeach ’mg po]^der in certain works, find the process is said to be rajiidly extending. 
The process was firsf brought to a commercially.succes.sful issue by Hermite and 
Kellner, and (»n the Continent the plants most in use are thoSe of Schuckert, ' 
Kellner, and ()ttSl. t * • * • , 

It is usual to electfftKse a lo per cent, neutral salt solution, keeping the liquid 
cool by special .’irrangements. The best^tleiSrodes to use are platinum-iridium 
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' * * . ’ . . 

(since h*ypochlo»it©s attack most oth^r s'Sbstances rasidly), and /or success it is 
essential that the electric current “ density ” should be about i,ooo-j,e<3o amperes 
per square melre ^ectrode sqyface. At first a yield of hypochlorite of'over 90 per 
cent, is obtainable bjTthe electflc curfenhemployed, but this soon sinks (on account 
of the reducing’ actidh of the evolved hydrogen at the cathode) until it becomes 
impossible, witliout the expendituijg of^very large’amounts of Electrical .jintsf^y, to 
obtain solutions cin^aining more tnanw per cent. of'avaiMble chlorine. AVith low 
current densities mucji of *lhe hypochlorite is reduced by the nas^etjs hydrogen 
evolved at the.catho 2 e to chloride, NaClCJi+ afl = NaCl + H.jC), wiihst at the anode 
the NaClOa.tends to oxidise to NaClO, (see p. fb). Much.^ better yields qfe 
obtained when some CaCh, is added to the solution, and when concentrated NaCl 
solutions are used. For example, a’20 jier cent. NaGl solution can yield a liquid 
containing 3 per cent.’available chlorine, with a yield of 50 per cent, of that 
theoretically obtainable from the current employed, whereas" a ^10 per cent. NaCl 
soluSion, with^ the same expenditure of current, will wily give a liqflid containing 
2 per cent, available'chlorine. "However, the conceirtrated N.if 1 solutions use up 



more* NaCl than the giore dilute, and m jirai ice it seems to be more economical 
to employ 10 per cent, solutions rather than iiioie concentrated ones, Moreover, 
careful cooling of the liquid must be resorted to, otherwise a great loss of hypo¬ 
chlorite results owing to its conversion into i hlorate (see p. 36). 

The suliject of Ihc formiilion .mil preservaiion of li)pochloriics in Milnlion \Tts allti^rl by 
Muspratt and Smith in 1S9S and 1899. By iiassing dilorini- inio the vtroripest possible solution 
of NaOH, they obtained neoille^bapcd eiystabsof the forniubt Kat'IO.blbO. They showed that 
in order to olitain a highly concentrated solution of hv|)0( hlority ibe^teinjieratnre nuist not exceed 
27’ C. anti alkali must be always present in excess, and be so eonccntraied thai^tny NaSl formed 
is precipitated (NaCl .and KCl tire very insoluble to consentr.ttetl Na( 7 lt or KOH solutions, see 
p. 24). They showed that solutions containing more than 35 g. av.iilable chlorine per too c.c. 
will not keep. The presence of ixpii salts causes the deconifiosilion of coneentraled hypochlorite 
solutions, attended by the evo|jiti” 4 ! of oxygen and the foriiiatiSh of soluble sodium ferrate; in 
general, other salts liid not cauSe this oxygen solution. , 

Other workers who have investigated tjje subject tfre l•'or5ler and Jorre, I.iingc and Lantiilt 
(SIS /tnmt. Prad. Chtm., 2, 59, 53: 63, 141); and Sunder {.Bull. See. Bui., Mnlhouse, 72, 255b 
who claims that the decomposition of sodhnn hypocliloiile solutions, whien is occasionally met witt 
when a solution of bleaching prjwder is decomposed with .^rditmi carbonate,^is due t-> the presenci 
of sodium liicarbonate as an impurity. 5 per cent, of l.icatbonatc siilficing to completely decomposi 
at solution of NaOCl i .1 the course of twenty-four hours in a planner not yet understood ; in orde 
to obviate this decomposing acUon it is iwces'ary that .sonie/rce NaOlj solution iihpiild be present. 

We will now briefly describe sompof,th 3 more successful apparatus in use fo 
producing electrolytic bleaching liquids, s 



50 CHLO^II^E’AND CHLORINE PRODUCTS 


Kellner’s Frocess. —This is ene oi the oldest and most mioiessful processes 
(see German Patents, 99,8&o, 1894, and 104,442, 1896). T(;e electrodes'consist 
of glass pr rfon-conductir)g plates covered over with wirp, bands ar(Strips of platinum- 
iridium alloy. A non-conducting plate n'. (Fig. 26) of glass or similar maferial 
has it? surface jienetrated by numerous holps, a,a,a,a, through which' fine platinum- 
iridiui'i), wire is draSvn so that the surface of the plate looks as if it were covered 
with- a v’^re. networ|. QlPho*'holes are tipn carefully 4;em|;nted up with non¬ 
conducting taaterial. In soane/orms of thp apparatus' the glass plates are simply 
wound round with platinum wire. 

^ The plates so formed are placed vertically io a stoneware or glass, trough, side 
by side, as shown in Fig. 26, only a narrow space being left between the successive 
plates. These plates,slide ink) vertical grooves in the sides of the trough, so as to 
divide the cell into a number of compartments. 'I'he -Vhole apparatus is filled 
with NaCl solutioif, aiid an electric current is led through the liijuid by means of 
two conductirfg plates 11,11, placed at the e.\treme ends of the apparatus. Fig. 27 
shows a modern form of this electrolytic cell. The. brine enie'fs through two inlets 
a,a placed at the bottom of the vessel, and flows up between the wire-covered 



platec (1,0,0, which form the electrodes, escaping through the slits s,s in the w-alls 
of till? Hough. E,i', are the two'terminal eleclrodic plates where the current enters 
■ and leaves the a])paratus. The brine flowing up from vhe bottom of the cell from 
a,a between the wire-cov-..red plates <;,0,0,0 is subjected to the action of an electric 
current''flowing' between each pair of plates, and thus a considerable amount of 
hypochlorite is produced. The iJline used is usually 10 percent. NaCl solution, 
and the droji in the voltage between each two successive plates of the apparatus 
is usually some 5-6 volts: in the ajiparatus just intis',pted (in which there are 
twi>nty cells) the potential differentte between the end electrodes e,k is usually 
about no volts, with a current of 120 amperes. One of the intermediate wkc- 
covered plates of the apparatus reiiuires some 150 m. of platinum-iridium wire of 
t o.I mm. ditmeter*,or 75 m. on each side of the plate. 

It €.-111 be shown dial this use ,,f iliin ,virc grves an extr.tordinary liigli current den.sity. if. 

we assume that (^nly h.ilf Ihe surf.ice'of the wire is clfectiYC (viz., dial facing the opposite electrode 
of a cell), and neglecting lhe‘parts of wire in the grooves and othcY non-effective p.arts of the plates, 
we will .see that die oil'ctive surface cariyng the current of 126 amperes is only 0.1177 ni., 
giving a density oT 10,,2&) .impeies tier square Ihetre. This high current density is an e.s.sential 
^condition fqr success in producing hyirochUnites.; 
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into the bottom of*the electro'fyser e, whe/e it rises up,between the wire-covered 
plates; and, ^fter being subjected to the action of the electric current, flows 
out cf the apparatus through the slits s in tlje sides, Jhe liquit^/allirig'back again 
into the tank p. 'J'he circulation of brine th'fbugh the electrolyser e is maintained 
until th^ proper pe|;centage of active chloiine is attained,,when ll^e tap c is 
turned so''as to cut off t and tljp electrolyse: e, "t the same timf opening com¬ 
munication between tbs pipes D,T) and Ik ^I’lie pump ^ then ^forces the active 



T.ungitiuliiia] Stiiic-n. 

I k;. 30.—Haas and ( Mlcrv (VII for IClectrohtic Tileaclnng. 


brine out of the tank p, up through ji into the storage tank /, wlierc it i run 
,off, as required, for bleaching pur])oses. 

A consi(lcral>le numlicr of firms in tlie- papt r tiade and textile industry use this plant, especially 
in (Germany. 

Ijlaas and ottel’s apparatus (see the German Patents, 101,296, of 17th May 
1896, and rr4,739, of S^d I'ebruary 1900) consists of two earthenware vessels, one 
a large one and the other a smaller one a,a, jilaced within the large vessel just 
below the level of the brine whiih fills the large vessel. The smaller interio.r Vessel 
a,a fia 9 ~i«qumber of wire electrodes, as in the previous system, stretched over a 
number of vertical plates. e,e,e show these electrodes, which arc separated from 
the ba.se of the vessel and the ttjp by non-conducting sujtports, /,/. CjC, are 



the two termjpal electrodes through which the current flows. Between each com- 
'partment of the intefior vessel a,a i^ a small hole /, which maintains communication 
between the Ijrine in the outer vessel v,v and that in the interior vessel. The action 
is as follows«The current, entering at c, and emerging at e.^, flows through the 
successive electrolytic, compartments of the interior vessel, and the brine is 
electrolysed. Partly otving to the rise of temperature produced by the passage of 
the electric current through the liquid, and partly owing to the rise of hydrogen 
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bubljles, the T)rlrie inside the successive compartments of the .interior.vessel becomes 
yjecifically li^htef than the brine in the exterior vessel, and rises up’to the surface 
between the wal^, of th^ Qpftipartnt^ts of the interior vessel. Thus a current is 
produced, qqld bripe from outside entering the holes /,/at the bottom of the interior 
vessel, risirjg up between the electrolytic plates of the interior vessel, aniescaping 
at the surface), thus all the Iftine^ln the exterwr vessel in time .streams through 





* JaMisi'aitliii.nl Sccijoii 

32.— Sch(>o|)\ Eleotiolyst. r. 

tbsi^^iterior fessel and is electrolysed. 'I'hc cooling coil k keeps the brine in the 
exterior vessel at cool as po!,,sible. 

Fig. 31 shows Schuckert's apparatus, as used by the Sieniens-Schuckeit 
Werke. 7 his is also stated to be very successful in practice. I'he two stoneware 
troughs z, and 7 . each contain nine cells, each with an electrode of platinum wire 
(+ pole) and a graphite ( - ) electrode. The current passes in at 11 and domes 
out at the terniinaf t, the tension between n and K being about no volts, which. 
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]''lc. 33.—Srhoop'.. Electrolyser. 


•• 

distributed over the eighteen ceils, gives a voltage through each cell of 6 volts. 
A 10 per cent. hfaCl solution flows in at a, and passes in a continuafl stream right 
through the cell, emerging^again’at o', where it passes away.« It isTfound advisable 
to add a little CaClj solution agd sooie spdiam rosinate to th^Hquid. After passing 
out from z, the liquid, before entering* the second trough ^5, flows through an 
intermediate trough k, where it is tkorou^ily cooled, by the epofmg coils lepresented 
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as dipping into the various coi^ipartments of k. The liquid emerging at d finally 
contains somefiz per cent, of active chlorine, and for use the liquid is diluted with 
watee until it contains sorn*e 0.2-0.5 per cenf* active phlorine. apparatus is 
described in the German Patent, 141,724 (1902). 

Schoop’G Apparatus, as described in tiv: German Patents, 118,450, of 1899, 
and 121,525, of iqoojccleotrolyses a stream'.bf brine gradoially flowing down a 
number ot n^Vrow channels, fne Walls, of wh ch contain the electrodes, formed 
of fine foil projecting into each c|iamber (sec Figs. 32, 33). The Jjrocess is success- 
fuilyworkcd in severa'. works in (jcrmany. ^ , 

Other processes, all of which h:i\e been practically voiked uilh more nr less succe.ss, are 
described in the (Jerman Patents:— 

K. Kellner, I). K. I‘.,,p65.486, of 6ih November K)02; W. Koll.er, L).R.J\, 180,562, of 
15th August lt)o5; A. \ogelsang, D.K.l’., 205,110, of <)th March i9o6;''G. Thiele, D.R.R, 
205,087, of nth jiMy 1906 (who ad(K to the N.iCl solution some (.'aCl^ niid an organic sulphur 
compound (not aromatic) of high mq'ecular w<.-ighl, iheteby obtaining linuid will over 5 per 
cent, active chlorine in It). ^ 

Solid Sodium Hypochlorite, containing 60 per rent, available Cl, and melting at 43® C., 
has f)een prepared (sec Muspratt. /r//;//. .See. Chini. Ind.^ P- 5 ‘A' 8ee also p. 49). 

Hypochlorites &s Disinfectants. —Like ble.Khing pnwdcr (p. 4S) hvj ochlorites can he 
u.sed for disinfecting purposes, a solution coiil.nniiig 10 ])ei cent, of available chlorine being 
twenty-live limes as effectiw .ts jibenol. 

Recently Dr Dukni and Dr ('and liavi. used b\po( hloiits'' wiiii sucia-ss 111 treating W(junds. 
A solution of sodium hypocbloMle, <Mrefiill_\ ih'U uiliNed wilh bone acid to renioxe alkalnVuy.'..nd 
reduce the irritant action tti the cjriginal solulum, v{ i\ r.ipidU dissolvt's uw.ix neciotic tissues and 
sterilises even veiy badly iiifeded uoiinils. 'J'liis cheap an<l p(*\\erful dismfectaM is verv e.j,sdv 
prepared. * ' 
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Manufactiye of Hydrochloric Acid. —Hydrtx-hlorii: .u-id is usualiy manu- 
ftl'ctwcd by heating two molecular pioportions of salt with one molecular proportion 
of concentrated sulphuric acid. Usually about half a ton of salt is placed in a iarg? 
» semispherical pan set in brickwork and healed by direct firing. An equal weight of 
concentrated sulphuric acid (1.7 sp. gr.) is added from a leaden cistern, when the 
following action takes plat'e :— 


Nj('] h H.SU, - N’allSO, ^ lU'l. 

• 

AbouJ 70 per cent, of the hydrocrhloric acid esi api-s tlirongh a flue in the dome 
of bfiskwoi^ which covers the pan, and is condensed hy water as is described below. 
The ^sed mass is finally raked into another paTt of the furnace, and is there heated 
to redness, when the actioit is carried to completeness, thus:— 


X.iH.SO, + X.ii’l N.oSO, I IICI 

^ • 

, The hydrochloric acid escapes tlirou.,ii a separate flue. 'Tins is known as 
the Salt Cake Process, and details of the furnaces, etc., arc given fully in 
Martin's ‘‘Industrial Chemistry,” \'ol. 11. . 

The main product is sodium sulphate, the hydrochloric acid being more i^ess 
a by-product. , , ^' 

The second process of manufacturing hydnochloric acid is known "as Har- 
greave’s Process, and»consist.s m passing a misture of sulphur dio.vide, air, ailtl 
steam over salt healed to dull redness, when the foyowing action t^es place:— 

aNaCI -I S(.L + O + ILO = NaiO, r If Cl. 

The process is fully described under “ .Sodium Sulphate ” in “ Industrial 
Chemistry,” Vol. II. * 

The hydrochloric aciogas evolved in thejnanufaeture of sodium sulphate, (Sther 
by the salt cake process or the Hargreave’s process, is always absorbed by bein^ 
♦ed into water. 

At one time the acid fumes from the salt cake iurnai^.s were allowed tft escape into the air. In 
spite of enormous chimneys reaching to the height of 450 ft. and more, the neighbourhood of the salt 
cake factories was stirrounded hy dense clouds of .smoke. *i'he acid vapours in fhe air killed the 
vegetation for mile.s around the factoRe.s, and brought gfcat distrei s to lirmers.* Consequently, in 
1863 the Alkali Act was passes! which makes it cu(npuI,sory for 95 pei^ttent.^uf the escaping acid 
gases to be condensed. The exit gkSes shoftld imt contain more than o.t ^ram HCl per cubic foot, 
and the total amount of acid gases escaping mi|it be less tlian is equivalent to 4 graps of SOj per 
cubic foot.’ w 
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This at first caused great expense to the tactories, as at thdt time HCl was an almost worthfess 
by-product; but sotji the rise'm value of HCl for the manufacture of cBlorine and Weaching powder 
made tl^ forcible condensation proaessan actual source of gain, and at the present ti^e itjs common 
for 99.27 per cent, of the HCl to be condensed. - * ■* ’ 

Fig. 34,' shows a tyfjical plant attached to salt cake furnaces, giving rf,8oo kg. of 
sodium sulffiiate per twenty-four h<i',ir.s. The H£il gjs escapes from ^he salt cake 
furnaces a, Aj by*means Of tlvo^separate pipes.* One pipe^n, made out of acid- 


HiO 


hu:. 35. "-Hydrocfiloric Atul Keceiteis. 



proof «arthenwarc, leads the concentrated and fairly cool HCl gas out of the “pan ” 
in a; while the other pipe b, leads the hot dilute HCl gas out of the muffle or 
roasting part of the furnace. This HCl gas is dilute and very hot, and so the first 
part of the pipe ti, is made of tarred sandstone. The gases pass into two sandsi-me 
towers c, c, where they receive a preliminary cooling, and are to a great extent freed 
ifom dust and sulphuric acid. They then pass through a series of .some 50 to 60 
acid “receivers." 'I'hese are. simply large “ Woulff’s bottles," made of acid-jtroof 


He! C Hci\d 



Fici. 36.—(Jcllaiius Receiver''. 


jtoneware, abput 32-37^ in. high,,connected together by wide fl-shaped pipes,” 
and arranged as sho^n in two parSllel rows. I'ljey are laid down so that a gentle 
inclination on, slope towards the, furnaces exists, so that a stream <jf water can flow 
through the series in*a directioti *pposite to thafc of the gases coming from the 
furnace. The holes, 4 )r the water are,well seen in Fiji 35. This water absorbs 
most of the HCl, and run off into the sidt rdteiverS-c,, g. 

In Germany the mi^re efficient Cellarius receivers ha\| come into use of late years. 
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Fig. 36 shows ^ typical Ceilanus receiver. 'The ffus enteis’at c ami escapes al D, while the 
absorbing water enters by the pipe jr, flows over the “saddle” and escafies by the iiipe 6 . Thus 
a much larger abs^rmiofl surface is presented to the entering gas. and the Iklter is mVe thoroughly 
mixed with the Water a!Vi cooled.t ^he wholc^yesse! is unmersed irt tanks filled with.cold water 
•which thus greatly increases the efficiency of the absorption and the strength of acid produced. * 

I he gases finally escaping froqp thf^ terminal receivers now jfti&s into ^bscy^tion 
towers K, Kj, where the)? gieet a stream^jf descendiiif wat^r which rernoves fhe last • 
traces of acid from iltp gas.* 

An absorji^on tower of improved copstruction is shown iti Fig. 34. Ir /i>nsisij> of a series of 
rings of h.u^ earthenware, about i in. m diarneler, set *>ne on ilie nuher so as to forn»a* 
tower some 15*3^ ib' high. The upper part of the tower is filled with and the lower part 
with stoneware plates or bricks, I'rorn the watet tank h a siream of water is sfinnUled li\ means 
of a rotating “ spargei *' o\or»lhe coke and flows in a steady 
stream dow’ii the tow’ur.fescajinig at the bottom into the sume 
ware receivers desc'ril'cd above. 

The gas from tlJe*re('eiver.‘i enters at j (Fig. 34)* 

^at the bottom of the tower, and escapes at k into 
a long earthenware tiil)e*M', which leads the now 
acid free gas awa)| to the < hiinncy. .At b samples of 
the acad can be withdrawn and tested. 

4 

Irr Kn^laiul in many works it is tlu- c^l^l^3n^ i<> p.iss tin. 
ga.scs evolved from the cake fiiinacts directly inl<» the 
absorption t<)wers,without the introduciion «>| the el.iburale 
sy>tv*tn %f (.ool ing and .ibsorjilion xi'ssils described al><>\c. 

These contTensiflP^iifteis me some .20-30 m. high, and ari‘ 
filled with coke or bucks down whioli a stream (d uat«i 
trickles as pre\iouslv di\soiibed. The\ .ire iisimlb binli nf 
sandst'ine plates |ne\iously boiled in t ir 01 asphalt, m.iile nii 
and water tiglit with a lute m.ide of lai .uid cl.iy. and >ecureh 
bolte<) together by means of ii 1.1 clamps and bars. Tbe .utuuniis 
.icid thus obtained is not (pule so soung as that obtained wnh 
the more elaboiate loiuien^iiig s\steni, bK'aiUse ibe gases entei 
the to\\jpr whfli- still fioi. ‘I he acid. too. is nioie impare, 
f»eing coTtlanim^led with organic mattci. sulpliui diovid-', 
sulphuric acid, chlorine, chlorides of loai and nisenu ,ibe 
latter substances sonulimis ]Hi4)g present in consuleialile 
(piantities, being derived fioni the p\ riles used in making the 
sulphuric acid used Wtilim nct-ni \eais, .a .d-iesistmg 
materials such as silicon irrui .dlo\s pantnon, iror'.i--, duriron, 
etc. )• fused silic.r, ai ul-pr<nj^f earilienware, etc.. ha\e bet’MdeU 
introduced in const riu tion.il details of acid plant. 

'I'he main prolileni now l>cl()re hydioc hloric acid facK'ries is not,so much the 
condensation of all the IfCl fumes, [)ut how to condense them m such a mantft.' 
a.s to yield only Strong acid (die only sort saleable), and by th^ metho^liri^t 
described the condensation is now so pcrl'cci th<l it is possil)le to recover*kome 
99.27 j)er cent, of the evcTlvcd IICI, mostly in the form of s*trong acid of 21"’ 

The strength of the produced aqueous acid depends^ upofi the concentration of the 

gas and the temperature at which it enters the absorbing water. * 

« 

For example, a 100 per leni. b\ volume IK'I gas al o' C. gi'c-, an aipicous acid containing 
45.2 per cent, liy weight IICl : wfiile a 5 per (tiu. IK ■’1 gas iig( Icr thc^same conditions will only 
yield an aqueous acid containing 36 per cent, hy weight HCI (22^ Ue.). and a lO per ceni. IlC'l gas 
(by volume) wall only yield a 39 per cent, by w'eight ly;.'! solution (24“ Ht.). 

As the tcmjier.ilure of the cnteriiig gases increases, so also the strength of the obtainab!e*acid 
5 ecrea.ses. a 5 per cent, by vrilume 1 It'l gas at 20'’ ('. will only yield^n aqueous aciil containing* 

33 per cent. IK'I by weight (2o‘ Be.). * 

The conditions affecting tlie conden^tion of IlCl hate been described|ii leiiffth by F. IJurter* 
(/. Sac . Chew . /;/r/. *1885, 639; 1887, 707; 1893. 220) and the rc.ider shofbi consult these papers 
for further inf(*rmalion (sec also Lascjje, /. ain'cw. CJum. ^1894), 6. 610; same journal, 

515). 

The problem of the comiJlete efindensation of the IKiT^ast^ evolved in the 
manufacture of salt rake is first of all *:omplicated by Uic fact th.at these gases 
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contain very variable amounts of HCl. E.g., tbe HQ gases froth "tlafgreave’s and 
the.“open foaster ”• furnaces may contain much less than lo -per cent, by volume 
of HCl.. Secondly, the cooling down of^e gases , daring th«:c6nS‘ensing process 
is"^ rendered difficult by the fact that when the gas dissolves in water jt evolves much 
heat,, ^ that as the cold absorption water is forced against the current of hot gases 
it rapiQy becomes heated, and so does not dissoj /e the mammunr amount possible 
of HCl. However, the i,ntroduction of modern pumps made of stoneware, ebonite, 
or acid-resisting iron now 'enables the nariufactufers to pump the liquid in a 
continual stream^ through the condensing'system, and so they can ultimately obtain 
' an acid of 20° Be. eren out of v.eak HCl gases, such as are evolved front Hargreave’s 
process. The intrbduction of these acid pumps betokens a great advance on the 
old system of manufacture. 

* 

The acid is best e.cvated by acid pumps or elevators as described in’Martin’s “Industrial 
Chemistry,” Vok II., under Sulphuric Acid. 

The acid is also elevaleil sometimes in “emulsators,” where it is blown mixed with compressed 
air in the form of a froth from one Vessel to another. Tlie oiJ acid “ egfj'* (Fig. .^7) still maintains 
its posititin as a simple acid elevator but is very wasteful compared with “ elevators” and acid pumps, 
Compressed air forced in at c forces the acid conlained in.the vessel up the tube ab. 

These “egjjs” arc sometimes made of stnuig ihick-walled sloncwaie, which, however, is 
liable to fracture undci a sudden accidental blow. , 

Casing iron with elionite is efticient hut very costly. Lately there have been placed on the 
market non-corroding iron alloys such as “lantiron,” “ ironac, ’ etc., often made of iron mixed 
with silicon and other components—which arc staled to be extremely efficient, as regards thefr non- 
corrodibility and their .strength. l*oi IK'l.aq., however, it is always bc!>i to use proper acid pumps 
for elevating. ’ ^ « 

Transport and Storage.— 'rhe acid is usually transported in large glass 
“carboys” or in stoncw'are vessels .some m. high. Occasionally ebonitd- 
lined iron vessels or vessels made of guttapercha have been used. HCl is now 
being transported in railway lank waggons lined with specially prepared waxed 
WOQd. 

One of the great difficulties of the industry has been the e\[)ense fd’ the ve.ssdi necessary for 
storing large quantities of IICl foi any length of lime, all the more so as more hydrochloric acid 
is made lhan is requiied in industry and si> the price is lo\\. The cause of thi^^ is the fact that 
there is a great demand for soilium sul| hate, and the acconq>anying HCl simultaneously* pnxluced 
more than suffices foi the demand for the acid. 

Where hydiochloric acid is rcfjuired in places remote from alkali works, it is usu.illy mantifaclurcd 
by the action of sulphuric acid upon salt in special cast-iron cylinders fitte<l w'lth sandst<ine doors. This 
acid is condensed a^ already described. It is u.sua!ly uB.eh purci than the acid from alkali yorks 
and is known in the liadc as cylinder acid in contradistinction to “l6wcr''acid which contains 
more sulphuric acid. 

Good commeicial cylinder acid shouhl not contain more than 0.5 per cent, of H^SO^. 

^Purification of the Acid.—The purification of the acid from the various 
imirbi^tias which it contains {eg., arsenic, sulphuric acid, SO._„ iron chloride, etc.) 

is u.sually carried out.in special factories. , 

«' 

Arsctnic it detected by mfcans of Marsh’s test or by adding stannous chloride, 
which produces a dark precipitate pf arsenic. Arsenic may be removed by adding 
stannous chloride, settling the precipitate, and redistilling the liquid. Arsenic-free 
HCl is best obtained by eipploying arsenic-free mat^als to start with, but it is 
often removed technically in great parts by washing the acid with tar oils. Sutphuric 
acid is detected by adding BaCl^ soliftion to the dilute acid, when a white precipitate 
*of BaSO, is produced if it is present. Sulphuric acid is largely eliminated durirl^ 
the process of condensation, but may be completely removed by adding the proper 
‘amount of BaCl.j ai^d distilling. * 

Sulphut .dluxvde, SOj, is detected by addiftg zinc to the diluted acid, when 
sulphuretted hydrogen, HjS, is given of and is detectecKiy its blackening effect on 
lead acetate pap^r. ‘Pree iodine is found by adding K1 and starch solution to the 
diluted acid, when a blub colour is produite'd. 
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The complete purificauon ot tnc acid tron*^ these impurities is k matter of great 
difficulty, and where,pure ac®«is essential it is easiest.to start.witl^pure sulphuric 
acid and pure-fellf a^d thus gxclude the^foreign impurities.* When chemic.ally pure 
HCl is required it is usually distilled in platinum-stills. ’ ^ 

*' • • 

Technical Uses^of H^rdrocbloric Acid.rln Englancf tht* main use iT concentrated'itfydro- 
chloric acid is for making ch^)rine for thernanitTicture of bleach^g jK)\vdcr, chlorates, etc. The acid 
sold is usually 20''-22° a«i(k weaker tliai?lhis scan'ely jetijng% mMct. I./ Germany and 
also in Great Britain laiyo*quaniities 'f>f concAtimted h)^lr<^chioric acid are abs the colour 

industry, nietallargical industries, and for very many minor industrial purptKeV. For example, 
dilute IIC! is^irgcly used for purifying etike, iron ores, clay** for regenerating exliausieil animal ^ 
charcoal, for preparing CO.^ in the aerated water industry, for “pickling” sheet iron in the 
galvanising industry, so as to remove rust and leave a clean surface for the zinc to adhere to. Also 
for the manufacture of certain chlorides, in making pottery, and in niimerou'. other things as well. 
One curious application may ^e mentioned, viz. : the making of freezing mixtures of concentrated 
HCl and snow, or sodfhfti sul[)hatc. • ' 

The acid is also used in analytical chemistry as a solvent, and ftir titrating pulposes. “Aqua 
regia^ —a mixtfire of Ht^l nncl UNO;, -is also made for dissolving gold and making gold chloride, 
which finds considenable use in photo^phy. 

• ^ • 

Properties of Aqueous HCl.— The pure concentrated aijueous acid is a 
colourl/sss liquid Aming strong!)^ in air. One volume of water at o” absorb.s 503 
volumes of HC'I j^s. The following table due to Roscoe and Dittmar (Journ 
Chem^tSac., i860, 128) gives the weight of gas absorbed by i g. of watc at 
different temperatures %— 



H( 1 

, 

Oiams HCl 


drams HCl 

lur^. 

nltvorlictl Itv 
> HoO' 

1 jcinjKra- 
iitre. 

.\\>S,n\KKl liy 

1 g. H^ 4 ). 

Ifinpera- 
ture. 

Absorbed by 

1 K. HoO. 

o'" 

o.S>5 

1 - 4 ' • 

• 0.700 

! 44" - 

- 0.618 

4 ^ • 

- 0.804 

1 2S . 

- O.6S2 

1 4 S“ ■ 

■ 0.603 

<s'- - 

• o.7S^ 

1 3 -" ■ 

0.665 

! 52^ - 

0.589 

12'' 

■ 0.7't2 

1 

■ 0.649 


- 0.575 


& 74 ^ 

40^ 

oAU 

Go'' 

- 0.561 

20 ' 

0.721 






When HC^dissolves in water, 17,314 talorie.s are evolved per gram-molecule of 
HCl diSolved. The comjro.sition of the aqueous acid changes when boiled, 
according to the temperature and pressure employed; but corresponding to a 
definite pressure a constant boiling mi.xture of HCl and water is obtained. The 
aqueous acid which boils unchangtid at no C, at 760 mm. coWains 20.24 I’^r 
cent. HCl (Roscoe anfl Dittmar, lot. a/.). A r.eaker solution when evaporated at 
ordinary pressures concentrates to this strength. .\ stronger acid loses HCl and 
also attains this strength when evaporated. 

The following table gives the specific gravity of solutions of aqueous hyd,j- 
chloric acids of given strengths, as given by Lunge and Marchlewsk’i(if«'/. am^iw. 
Chem., 1891, ■33)- 
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Spfxikic Gravity of Pure i/vorochlor'ic Amd Solutioi^s at 15" C. 
(Reduced ijj Vacuo), after Lunge and MARCHUTWiKi 

*» ■ I • 
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Small quantities df bromine occur in many silver ores, but much greater quantities 
occur .associated Mth potassiuqj, magnesium, calcium, sodium, etc., in various 
mineral waters, springs, and in sea water. The waters of the Atlantic Ocean contain 
0.007, cent. Br, while in the Dead Sea 0.42 g. Br per litre is pre-ent. 
However, the largest purees (and practically the only technical sources) an- the 
salipf deposits oi Stassfurt, which contain about 1 per cent, of magnesium biomide, 
and the%iMiMi^Hiings in Ohio, which contain from 3.4-3.9 per cent, of magnesium 
bromide. 

Manufacture. —'I'hc bulk of the bromine jilaced on the market is made at 
Stassfurt from the mother li<|uor remaining after the separation of the potas.sium 
salts contained in the .salt deposits (see Martin’s “ Industrial Chemistry,” Vol. IJ.). 
The residual mothcr'liquor contains about 0.25 per cent, of bromine in the form 
of magqpsiuffi bromide, MgEr,, from which the bromine is liberated by treating 
with chlorine A- 

* M^Hrj I- Clj = Mk(.-|.. ' Hr., 

The apparatus now employed at the I.eopoldshall Chemical Works (Cermaii 
Patent, 19,780, of i88») is shown 1I1 Fig. 38 The bromide rich*meiner liquors 
pour through the pipe a (which has a water seal at m), through a sandstone drum 
b over a perforated plate c, whereby it is uniformly distributed over the whole area 
of a tower a filled with gla.ss or earthenware I rails, which expose a large’ surface art;a> 
to the percolating liquids. y 

A stream of chlorine gas, issuing from the styi n (in modern \Airks 4 he*»still 
is replaced by a cylinder of»liquid chlorine, which affords better control of the Cl), 
pours through the chamber b up the tube d (which is sufficiently wide to allow’ 
of the simultaneous passage of the chlorine gas to the tower a, and the^aste liquors 
from A to the chamber b) into a, where it meets with the descending stream of 
bromide-rich liquors. Bromine vapour is set free, which, ascending, escapes by the 
tube o through the condenser e, and collects as a liqifbr in the bottles f, the last 
traces of bromine and chlorine being removed by the vessel g, which contains iron 
fijjngs kept moist by a stream of water. • 

In order to free the waste liquor flowing away from a completely from all traces 
of bromine and fluorine, it is allowed to flow i^rto the chamW u. ^In order to 
escape from b the^ liquor must flow over sandstone shelves in tWe direction of the 
arrows, and while so doing is su^ected to a current of high-pi/^ure^team blown 
into the apparatus through the pipe c. The chlorine and brtmme*.tre completely 
driven out of the liquid, elbapipg with tl^e excess of steam u^.the,pipe d into the 
tower A. The chlorine and bromine free liquid flows away ^y the pipe i. 



66 /" CHLORINE AND CHLORHNE PRODUCTS 

. t c . , < 0 

• f C 

An improvement on this apparatus Kas been pateilted by WUnsche aiTd#^auerbrey (German 
Patent, I 58 , 7 I 5 )» apparatus consisting of cast-iron elements, of hcicagonal section, lined with 
stoneware pl&tcs and provided with several thousands of specially designed cof\tactfb()dies resting on 
gratings, the apparatus so arranged tliat a ppfiect count© -eurrent is attained? This apparatus 
requires 0.6 kg. of Cl for every i kg. of Br made. Only 3-5 kg. of Br in the forjn of iron bromide 
are necessary for removing the Cl from 100 kg. of tbe crude Br produced.'"' 

r «■ . , ' ^ f- 

Kvbifcrschky (German Patent, 194,567)^ has-'designed a very efficient plant of 
a somewhat HifferenV tyjfe (yee'fig. ,59). V his consists'of a tower lined with stone¬ 
ware and divided into several superim[)ostd compartments, which are provided with 
perforated plaie\ The divisions between the compartments are watet. sealed, so 
»hat liquids can paSs, hut not gas. The mother 'iciuor, which has been previously 
heated, enters the tower at the top at a, and, in its descent, is met by the chlorine. 



c 


, Fio. 38.—liromine riant of the Leopold (diemtcal Works. 

which is introduced into the lower end c and passes upwards through the tubes, 
which are so arranged that the gas enters each compartment at the upper end, then 
descends, together wkh the jiot mother liquor, and ei.ters the vapour pipe leading 
into the next higher compartment, and so forth. Steam is introduced into the 
lower compartment, and follows the |Sanie course as the chlorine. By this arrange- 
( ment undercurrents, which arc certain to be formed when a direct upward current 
is used, arc avoided' The bromjne leaves the tower at n, and is condensed in an 
earthenware'coil. I'ft is then purified in the refining tower, in which it flows down¬ 
wards into a vessi' containing boiling bromine. Most of the chlorine is driven 
off through tVf.'* 'X; and the 'purified bromine is syphoned off. 

In snme AnieficannH-iirks the mother IiV(UOi;s, after the; extraction of .‘.oitium chloride, are 
concentrated and distilled with sulphuric acid j_nd potassium chlorate in .stoneware retorts. The 
liberated bromine is conden-ied in lead condenseiv, and p’trified by redistillation. 
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Manufactui'e by Ele^trolJ^it Process. —In this proce’ss mother liquors 
are electroly^d in open vessels, using carbon electrodes. The magnesium brqmide 
MgBrj, is decompbsed bjfc the electli^ current before the magnesiun^ chloride. 
The bromine, is thus separated. ■ • 

Processes have* beer* devised by DoWjiPeinsel, Ilopfliei, Wiinsclic, l^ahnsen, KossjuJi, and 
others. Most employ diaphragms to ^'ect^thc separation, %ith the exception of The 

liberated bromjne remains flrtsolvetl in the^ujuid, ^and^^iu^ b^ separated lif distillatwn and 
purified. 

• 

Purific&ion. —The crude bromine tthus obtained is ;^ay'‘ purified ^y fedistillation, small 
quantities m chlorine present being re^jnived liy the addilum of ferrous brdhiine or calcium brtimiiJc# 
when the chlorine displaces the bromine fyim combination, .setting the lattt^ free. 

Sometimes the liquid is nurified without cliemicals by fractuinal distillation (sec (lennan Patents, 
174,848 and 205,448), th^ihoie voi.uile portions (1-4 pei cent, of dislillaUd which contain any 


iA 



—Rubierschky’.s Plant for I^omine Manufacture. ‘ 


C[ or chlorine bromide being collected .sejumtely. If anh)»lrous* Br is needed i-> distilled over 
concentrated IfjSOq. If I is pre.sont this is remove<l by treating with a Ca salf?(a,L being 
precipitated. • 

In the preparation excess of chlorine should be avoided, otherwise much cbloiine bromide is 
formed. * 

Properties of Bromine.—A heavy, m^obilc, dark red li<iuid of .sp. gr. .y»i883 
•at o" C. It freezes to a brown crystalline mass at —^°C. Roils at 51/C. Tl||; 
liquid has a disagreeable smell, attacking tliq eyes and mucous membrane 
of throat and nose. It is poisonous, jiroducmg painful som on ihe skin, whicli^ 
are difficult to heal. j 

100 g. of water dissolve 413 g. Br at 0° C.,»and 3.2 C., but it is 

much, more soluble in 0|g4nic liquids such as e’ther, carbon 4is>i>Ipmde, chloroform, 
acetic acid, etc. It resembles chlorine in* properties, but<if not.so energetic, and 
is displaced from itj compounds hj chlcj-inc. 
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Uses. —Bromine is used fairly largely in' the colour industry and other 
branches of. synthetical organic chemistry, also in-metallurgy/photography, and 
especially jn the manufacture of medicin^ evhere brpmides add btlicr derivatives 
of bromine ate of considerable value. It is used as a mild oxidising agent and also ' 
as a disinfectant, it being for tfie latter fJurpose absorbed tn kieselguhr (which 
takes*dp jrs per cfent. of its t^eight of Br),*and/sold as “llromur/n solidification" 
(German Patent, 21,^44)^ 

Bromide ."f Ir<», KejBrg, is made at btasslurf, .saving as a raw mater&l for tjie manufacture 
of sodium or potalsiup bromide. Stwel wire and turnings,are treated in a closed stoneCrough with 

vapour and steam at r temperaturS of 170° C. When the temperature falls to 100' the brown- 
red solution of FegBrg it run oil into transport Irarrels, where ^it is allowed to crystallise. 

Bromine Salt, NaBrOa-taNaBr, is made by saturatfhg concentrated NaOH with Br, draining 
off the mother liquor from the resulting solid salt, and adding NaBrO,, (elefclrolytically prepared) until 
the above composition iSf^Ujtined. The mixture is then ground and packed fnrkegs. It is used in 
the extraction of gold ores. 

» • , * 

Potassium Bromide, KBr, is made (i) by running a cdiicentrated solution 
of iron bromide (Fe^Brj, see’above) into a hot concentrated solution of K0CO3,, 
until the resulting liquid is almost neutral, or at most, faintly alkaline, ido parts of 
iron bromide require 56-60 parts of potassium carbonate. lion hydroxide is 
precipitated and Kllr goes into solution. 'I’he liquid is boiled, filtered from 
the precipitated iron hydroxides, evaporated to dryness, lixiviated with sufficient 
water to take up the soluble KBr and leave undissolved the difficultly .soluble 
K2SO4; concentrated to 1.53 sp. gr. at a boiling heat, then'allowed to evaporate 
at a very gentle heat, when hard crystals of KBr separate. jilgj,gt;KSt*.ls are 
washed and dried at 4o'-5o° C. (not above). Any chloride in the bromide cannot 
be easily removed, hence the necessity of employing chlorine-free bromine. ' 

Formerly KBr was made by saturating KOH with Br, evaporating with a little 
charcoal to destroy any KBrOj formed (6Br-l-6KOH = 5KBr-l-KBrOj-f 3H.,0), 
then lixiviating with water and separating the KBr by crystallisation. 

About 120 tons of KBr are made annually in Germany, and the same amount 
in U.S.A. 

Properties.— White cubes, 100 parts H^O, dissolve 62 parts Kilr at, 15° C. 
M.P. 750° C. Volatilises at higher temperatures. 

Uses.— In photography and in medicine. 

Statistics. —Broirine wax first manufactured at Stassf rt in 1865. The fijllowing figures show 
the output:—1865, i| t(»ns; 1885, 260 tons. 

Considerable quantities are also manufactured in America from the bromine-rich springs in Ohio 
and elsewhere1885, 120 tons; 1902, 230 tons. 
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THE lODIJME Il/oUS-fRY 


ETl'ERATURE 


(iKOFFRF.Y Ma»tin and Eknf.m D.wcAstKK,—“The Halogen-^/'foiming Vol. VIIl. of 
“Modern Inorganic ('licinistry.'’ Kdiled liy Nei^Inn l-rtcnd. 1915- 
NE\l#ro \.—-Jouf n.*Sor^ Chtn:. Ind., 190J. 22, 469. 

G. 11 f,niiekiiON.—.A rticle, “ loiline,’’ in Thorpe’s “ Diet. .Ap|ihed ('hem.” Vol. 1912. 

• • • 

loyiNK (I - t26.(j^) i' .1 fairly widely distributed element, occurriiin, combined with 
metal*s?!h sm.tll iiuantitics in the soil, the sea, ,soa plants, and animals, '.'ertain 
sea plants, especially Uie deep sea weed, Fucus palmatu^, possess the power ol -Loring 
upiB considerable amount of iodine, and from these plants a portion of the iodine 
of to-day i..- ob-.Kined. The deeji sea plants contain more iodine than shallow 
^ea plants. 

Tins IS shown l>y the following t.ihlc, which gives the percentage of iodine in the dried plant:— 
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Consequently the manufacture ol i»i luie from shallow wiUer weed h.as been 
largely abandoned in’favour of drfft weed fi im deep water. 

The bulk of the iodine of commeice, however, is now derived bom crude Chile 
s.altpetre or caliche, NaNO... The mother liipiors remaining after the NaNO, has 
crystallised out contain 5-20 per cent, of sodium iodate, crude caliche contair.iWg 
o.f per cent, of iodine. 

t , 

Manufacture of fodine from Caliche.—The mother hquor rtmiaining 
after the crystallisation of the sodium nitrate ii^ treifled with sodium bisuliihite 
solution, and the iodine separates out in a sohd form :— * 

2X11IO. ' sNnllSO, ;N.illS(), ! 2N.10SO, 1 Tl.O -f I,. 

The solid iodine is settled, washed, pressecT into blocks, and purified by 
sublimation in iron retorts, the vaiiouis condensing in a series of earthenware 
• receivers. ^ 

An acciiuiit ol Ihv process is given hy Newlon Soi. Chcni.^nd.^ IfKlji 22 , 469), from 

whose pailer the following iletalls are laken^ 

Sodium hisuiphile is prc])ared hy nn\mg together some 85 jiarls 4 in.pure sodium nitrate, 
11; parts of fine coal, and water. Tt*. mixture is made inln^ conical mo nd, surrounded hy a trench, 
and Ignited. The crude sodium carhonatc thus iihume 4 is made inln i.*s*iirJHirsolution, settled in 
an iron tank, and then sulpfcuf dioxide ga.s is hlov^ri llirounh the liquid hy means of .1 steam blower. 
The sulphur dioxide gas is niadetiy burning italive sulphur on an itoi»]flale m .1 “ sulphur furnace ” 
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{see ilartm’s “ Industrial Chemistry,” Vo\ II., for modern sulphur burners), w^ich consists simply 
of an iron oven with a flue passing from it to the cylindrical tank.^ The sulphur dioxide is passed into 
the qrude sodium carbonate until it is all converted into sodiunr bisulphite. The..bis|{^phite solution is . 
then run intrf the reservoir tonks^ which are placed U fix)t al>ovp ^he level 6 t the large leaddined (or 
pitch'Coated) wooden precipitation ” tanks, which are about two-thirds filled with the final mother' 
Ifouor obtained during the purification of the nitr{^te, and which contains all thtf sodium iodate. 
The bisulphite solution is next run intr these “ precinilation ” tanks, thf liqui^ being thoroughly 
stirrefn>y means of dooden padtilescor bv air forcecf in through perfomted pipes in thtf bottom of 
the taii?'s. lo^line is precip'mtwl according to tHe foregoing equation. It is collected and 
removed, the Iasi traces whic’.i leiCmiti'after the bi, 4 k has Ijeen removed 'wc*ng coflecled by means 
of a calico bag at th/" end of a stick. The iodine is llien watei-waslied, filter-pressed, and sublimed 
in iron retohs. 7 ’h'ese consist of Inrizontal cast-iron cylinders, tapering at one end'io a conical 
form. The outlet, h is 6 in. in diameter, is connected to a series of eight or ten ordinary 

earthenware drain pijws (m aludells similar to those useil iri llic manufacture of iodine from kelp) 
which arc luted together by clay. Many dilTercnt variations of iliis process have been suggested. 
Somelime.s SOa gas is |)assed directly mlo the mother liquois, and any iixlide, Nal, remaining is 
decomposed l)y adding chlorine water. Sometimes tlie iodide—cspeciall) ir liquors very poor in 
this suostance—is direehy piecipilatcd as cuprous loditle, Cuola, hy adding CUSO4 and V'eSO^, the 
Cu^I., is then disullcd with Mn(X and ll2S(.)4 and Uie I distilled over. Sometime* the Cu^b is 
healed with II.^SO^ and ferric o\i<le ^see Geinian Patent, 209,501):— 

CuJ. + bll^SOj -h 2l'V..(); = I,. + 2CUSO4 -i 4l'VS(>4 + 6II0O. 

Electrolytic Iodine- —Attempts have been made to prepare iodine electrolyti- 
cally (see Rink, (ierman Patent, 182,298) from the ailiche mother liquors. 

The anodic comjxirtmont contains as anode a cail»on plate imniers,e(l in a concentrited NatH 
(or halogen salt) solution. The cathode consi>«,ts of an non plate immersed in a slow-moving sfream 
of tlic liquor lo the eiectrol) mt. Separating tlie ancKhc from the calhodit, space is an asbestos cloth 
diaphragm. Undci the intluciKV of the elecliic current llie iodine i<ins jwss away from the call. >dic 
space to the aninlc and .ne discharged into the concentrated solution of lialoger " !t, . ! !Ji possesses 
an extrcmel)’ liighl)' developed |K)WCi of dissolving iodint*. I'hc anoihc liquois with the iodine 
therein is lun ofi hoin time to lime and the iodine cspelletl Iheiefrom. If no ihaphragm is used fi.. 
separating the anodic and cathodic spaces, a piocess analogrtiis to tlie Bell process (see p. 2l) is 
used, the less dense cathodic lirjuois being sejtarntcti fioiii the hea\ier anodic liquors by their 
specific gravii). 

Paikei and Robinson (Knglisli Patent, 11,479, place a solution of alkali iodides, acidified 

with sulphuric acid, in an electrolytic cell, which is divided into two ct>mpauments by a diaphragm, 
and provided with a caihon 01 platinum anode and an non caliiode. An electric '’urrent is sent 
through the fluid, and the loiline uhich is liheialed at the anode is collccieil, wasJied, and dtled. 

Manufacture of Iodine from Seaweed. -The .seaweed (chiefly La.ninarici 
digiiata and L. steiiofihylla) cast up in the sprinj; after stormy weather on the 
coast.s of France and Ireland, .Scotland and Ja])an, is dried in the sun during the 
summer, and is then burnt in large heaps in shallow pits; tlie ash ' may contain 
from o. I 0.3 per cent, of iodine. 

Since mucli iodine is lost In volatilisation iluring this huiiiing ])lO(l•1^, Stanford, in 1862, 
sulijected the weed to dost 1 net i\l- distillation in «loscd letorts, the whole of the iodine remaining in 
ll ? ash, while ihe'tar and amnioniacal lujiiois s\ere aKt* lecoveiod Howi.\ei. the ct»slof plant and 
fuel icndcied the piocess nnreimineratne. 

Ntxt the ash is lixiviated, air^ the iodine passes into solulion as KI. The 
carbon remaining after the lixivialion of the ash resembles animal charcoal, and is 
used for similar puiqioscs. 

Several piocesses have been worked in wh’ch the plants are not carbonised ai all. In one process 
the plants are stated t<» l)c sim^dy directly lixiviated, the lesidual appaientlv unaltered plants Iwing 
converted into “algin.** a gt’atmous sul>stance used as a sulKlitul«. for isinglass, bladder .skins, etc. 
In another process the plants aie healed with dilute sulphuric acid or other acid; here, again, 
previous carbonisation is avoided, and the residue of seaweed is utilised as manure. Stanford 
heated the weed with NaXO.;. 

' There results from, the lixiviation (which is systematically carried out) a con 
centrated solution of alkali carbonates, sulphates, chlorides, sulphites (traces) 

' According to^{£r,nest v, Dancaster, in this ctmntry tlie icfin kelp i» applied to iKilh the weed, 
and the ash, althotigh the latter is alst» vmown as kelp ash. Ir France the term varech is 
applied to all seaweed (thu Np)rd being allied to* our word wrack), and the burnt ashes are known 

as condres de vatecn. 
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sulphides (traces), bromides, and iodides of the alkali metalSs The solution is 
evaporated, and the chlorides, carbonates, and sulphates allowed !o crystallise out. 
The mothsr liquors’ theq contain the brotijides anS iodides. .^Tfeist^iquor is then'' 
worked for iodine by the following processes;— * _ . , 

(i) Excess of H.,SO< is add^d to decdmpose sulphites aftd sulphide, and after 
remD^ingrany separated crystals, the liquid i4 rurf into a hqjnispherical i»J)n boiler 
mouhfed in ihrickwprk tver^ a fire, ,and fitftd with- a feaden hood provided with 
a still head (Fig. 41). Mangadese dioxide, is thrown in, and^wheti the tempera¬ 
ture reaches t^ljout 60° C. ioijine is evolved, and, escaping through thj still head, 

^ condenses in a »seiics of glass or earthenware receivers termed “utfells.” The 
joints of the apporatus are luted gas-tight by \;lay. The iodine distilling over 
condenses in the earthenware or glass condensers or “u^ells.” When no more 
iodine comes over, the stills are connected with another set'of receivers and WoulfFs 
bottles, and more rfiangancsc dioxide is added. Bromine is evolved, and is thus 
collected sejJaralely from the iodine. The eijuation representing the change is 
thus:— r < ^ 

MnOj -s 2NaI + = 1 ; -S 2N.-1ll.SO4 I- M11.SO4 1 alLO. 

-I 2 NaHr I .tILSO, = lir.,.-r 2N.rlIS04 -r'Mn.S04'i 2II26. 



1 '!<.. 41.— Itulint* Siill. 


“The iodine tfius obtained is impure, (ontaining chloride, bromide, and cyanide 
of iodine. It js purified by sublimatioij as above described. 

(‘2) (Wicr processes are to fieat the liquor with suliihuric acid and ferric 
c^iloride, Ke(ll„ with sulphtiric acid and nitric acid, sul^iuric acid and chlorate, or 
bichromate, etc. All th^ oxklising agents liberate the iodine from the liquid. 
Sometime's the calculated amount of Cl gas is led into the liquid when iodine is 
precipitated. However, the chlorine must not be in excess, or iodine chloride 
would be formed. • , 

When the liquid is very poor in iodine, it may be precipitated as cuprous iodide, 
CujJj, by adding ferrous sulphate atjd copper sulphate to the liquid. From the 
^Cu^Ij the iodine can then be liberated by heating with sulphuric acid and 
manganese dioxide. 

(3) Occastonallf a process of extraction with organic solvents is resorted to. 
Thus, after liberating the iodine by adding sulphuric and nitric acid, the liquid 
is agitated witkfliewdeum napfitlyi or benzol, wh?n the iodine dissolves, and the 
petroleum or benzol Jayer of iodine is ;hen separated ftoci the aqueous layer, and 
shaken up witlj a'n aqutous caustic soda, .thereby th? iodine is fixed as iodide or 
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iodate of sodium, and so is withdrawn from the Jiydrocarbon. The petroleum or 
benzol is drawi^off, and the iodine is then liberated by HCl thus:— 

■ ■ sNSl + NalOj + 61ICl’= 6 NaCI -h yUM ?■ 3 I 2 . 

More recently,* insteadgof using a volatile soivcnt, ihe use of vaseline oil (the lieavy oit from’’ 
Galician petroleum) has bec^ used for cxUaciiq^ the iodine. ••The h(|utir cont|iining the iodine is 
treated with*vaseUnc oil in s«,ch a manner that those portions of the liquor liom which Ac hufic of 
the iodine has*already been eittmcied are*treaicd with |resh vaschnefoil, )ghich t^es up s1f the 
iodine out of theliquori, ^'i\lso those jjorlions of the vasclii^ enriclu^l in iodine come only into 
contact with the ¥idme-ricli liquors. In this wfly efficient extraction is seriireil. * w, 

Next the is distilled with steam : the jodine coming over, the oil is left l>eliin(f and used again. 

In general, one ton of carbonised seaweed yields io*i2 lbs. of-iodine. 

Iodine from Phosphatesv—Thiercelin {Bull. Soc. Chmi., 1874 (2), 22, 4.^5) places a mixture 
of equal (juantitics of iodjne-rich phosphate, sulphuric acid, and water in .1 \at, and keeps the mas? 
well stirred. The iodine is liheratcd and passes over into a condensing clianuKT. 

* . *. r * . 

Purification. —Commercial, iodine always contjyns traces of chlorine and 

bromine, either rhemiciilly combined or in solid solution. The purification is 
best effectect by disisqlvingnhe resublimed iodine in a conrentraled solution of RI, 
when U dissolves ^0 a dark solution, possibly containing the compound KI3. On 
adding excess of water the iodine is precipitated, and is washt*d and dried. The 
dry iodine is then •mixed with solid K 1 and slowly sublimed. The sublimate 
consiffts of practically )mre iodine. Pure iodide can also bt* obtained by heatmg 
cuprous iodide, Cu.,I.,, tT) about 240" C. in a stream of air. 

Properties.—“Pure iodine is a dark bluish-black, lustrous, crystalline solid. 
Aljiinic weight of 1 = 126.(32 ; jM.l'., ii6.i“C. ; 11 .P., 184.35"; si>eeific gravity of 
solid, 4.<t33 at 4” C. ; vaporises slowly : very sparingly soluble in cold water. 
*00 vois. of a saturated solution at 25" C. contains only 0.32 g. of iodine. At 
15° C. .1 part iodine dis-olvcs in 3,750 parts of water, and in 2,200 at 30’. It is 
much more soluble ts a concentration solution of K1 (where it possibly forms the 
component and .also in alcohol, ethci, acetone, rhloroforin, benzene, carbon 
disulpt?Mes, aivj other organic solvents. The tincture of iodine of the Pharmaiopa-ia 
contains J oz. iodine, J o/.. RI, and r pint of regtilicd sjurits. Potash or soda at 
once decolorises a solution of. iodine, forming potassium iodide and iodate, thus:— 

I OKIIO = 5KI KKt -I jll/). 

IVitUconcentrated UNO., iodine is oxidised U; iodic acid, lilO.,. > 

Test.—Iodine produces a splendid blue lolourwitli starch paste. The blue 
colour disappears on warming the solution, but reappears on cooling. ^ 

Alkali Iodides.— (1) In order to produce potassium iodide, KI (or sodium 
iodide, Nal), the usual process is to add iodine in small portions'lo hpl 
(or NaOH) and evajiorale.* .\ mixture of potassium iodide" KI, and potassium 
iodate, KIO3, is obtained (Nal or NalOg if NaOH js used). The mixture is next 
mixed with carbon and ignited, which decomposes all iodate, and the. isdi^e is then 
extracted with cold water and crystallised om. Improvements on this method 
of manufacture are suggested jn the German Patent, 138,008..^ 

(2) In another process the formation of iodate is prevented by allowing iodine to 
act on alkali in the presence of a reducing substance such as potassium thiosulphate, 
'i'he following change occurs :— 

K.,S.,03 + loKOn + 81 = 8K1 -h 2 K,SOj ' 5II./). 

’ • 

Sometimes sodium carbonate is used:— 

NajSsO,, -I- sNaCOt + 81 = 8Nal + JNa.SO;*' +,5410,.^. ’ 

On evaporating, the K.^St)/oj Na^SO, js easily separated crystallisation from 
the much more soluble iodides. 
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Statistics reis^dn^ to Iodine. ■—Mo/t of the iodine %.t present produced cg^mes from the mother 
liquors of the sodium nitrate (caliche) works of South America, 


1^79 

1881 

1S90 

1900 


77-35 tons 
200.06 „ 
419-74 » 
30&13 .. 


1904 

1905 

1906 


458.21 tons 
351-20 „ 


cfcle alone ixportel in Ij04,|j9,q6i Spinish cwt. • ' ' _ 

The amount of iotfine rtroduccd'irom seaweed is small, being principally worked in France, 
Norway, and En|,4and. However, in recent years'Japan has begun to make large quantities of 
iodine from seaweed, and if the U.vS.A. seriously attempt the recovery of potash frqja seaweed on 
the Pacihe coa.st on a. large scale, an important additional source will be added to those existing. 
The following figures give the Japane.se export of KI (potassium iodide) in kin (i kin = 1.3 lbs.) 


(902 1903 V 1904 

•(-,051- 22,371. 52.012. 


The following statistics relate to the German import and export of iodine :— 


Year. 

Tolal InipKjrt. 

Quanlit) in | Value in , ^ 
Tuns. j Million Marks.; 

Imported from 

rci*i Britain, j J.ipan. 

t 

Chile. 

1890 

fSS 

1 1 

3-7 

77 


4* 

1900 

236 

; 5-4 1 

no 

6 

100 

1904 

270 

6.0 

50 

20 

\ *70 

1905 

377 

12.S 

60 


200 

1906 

297 

5-S 




1907 

147 

; 2.65 

27 

*7 

76 

190S 

*94 

.3-5 

55 


II2 


The (ierman exporl of iodine in 1901 was 30 tons. In 1907 it ro.se lo_.)4 tons. 

'’lermany exports large amounis of finished iodine products, line chemicals containing iodine, 
as shown -by the following figures : — 


r.KKMAN E.XIi'OKT Of lODl.SI'. PkErAKAnONS 


Total Inqairt. 


^ ear. 

i Quantity 

in , Value in 

i 

j Tons. 

1 Million Marks. 

1890 

]o6 

1 2.9 

1900 

>38 

3-0 

1904 

170 

r 4.2 

*905 

■ 170 

' 5-3 

1907 . j 

145 

2 f 
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CHAPTER’ 1 % 

TrtE HYUR-OFLUORIC 'ACID 
INDUSTRY 

.LITERATURE 

(lEOKl'tF.V Martin* an^ K Danca'jIKR. -“Tlio Halogens," fornnng \'o!. VUI. of 
“Modern fni^ganic Cheinistr)Edhed by NewUm FikmkI. iQfS* 

A. G. Betis.— audMin.youin., 1907, p. 153. 

Zrllner.—“D ie kunsilichen Kohlen," Berlin, 1903. 

• . • 

• ... ... 
Aqueous hydrofluoric jcid, HF, is usually obtained by healing calcium fluoride, 

CaKj, with concentrated sulphuric aciT—CaF.j +HoSO., = <IaSO| + allF. In 
recent y?ars the technical importance of hydrofluoric acid has considerably 
increased, as it is used on a fairly large scale for the purification of artificial 
ca?bon and graphite, in dyeing, in etching glass, in the brewery, etc., and 
consequently considerable improvements have been effected in the apparatus 
lor pr^ring this substance. Many factories which jircpare acids for use in 
chemical industry havy their own special plant for producing hydrofluoric acid. 

Mapufacture.— Fig. 42 shows a small scale apparatus for preparing fiqueous 
HF. A leadisn retort a, on which a leaden head 11 is cemented, has placed 



Fio. 42.'-Sni.iil Still lor Tlydrofluuric .\cid. 


within it a mixture of calciun» fluoride and oil of vitriol. C>!1 healing the gaseous 
mixture HF is evolved and passes into a leaden receiver c, which contains a vessel 
'of water u, best made of platinum, in which the H F condenses. The tube jij'^serj'es 
sS air and gas exit. 

On a large scale, however, it is usual to use iron stills. Fig. 43 shows a large 

scale plant, working according to the Fxkelt vacutim process. • . 

a is a semisp<ierical cast-iron pan, somd" 2 m. in diameter, and some 3.5 cm. 
to 4.5 cm. thick. This servos as the HF geiferator. thi^ stout pan 

rests a hemispherical leadeij lid The lead bf, the semispherft’al lid is held 

rigid by being soldered *over* 4 framework* of iron bands# Svhich run together 
to a ring at the top,,to which is fjstenefi a ring d which serves <b lift the lid 
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when necessary. The lid is i dm. thick, and has at the base, a broad la cm. 
flange, which fits exactly over the .similar flange belonging to the ir^ pan beneath, ,. 

^d which* fbrtns an air-tigHit 
joint, the two. flanges being 
securely *lamped together by 
strong sc.ew cbmpts. Z 

The Vhin lead sheet is turned 
up on the ^ige «, so as to form 
a sort of trough,-which is kept 
filled with running- cold water, 
which serves as a condensing 
arrangement and keeps the 
leaden cover from becoming too 
hot. 

The heat of the furnace be¬ 
neath might otherwise overheat 
the lead., and cause it to melt. 
The (.ooling -water nows in and 
out through soecial funnels. 

Inside the lid is a protecting 
sheet of lead which runs rjund 
the periphery of the inside of the 
lid, and projects over the iron 
pan. 

It serves to protect the latter 
from the cold dilute sulphuric 
acid, which keeps condensing on 
the leaden lid, and would othe. 
wise run down the cast-iion sur¬ 
face of the lower pan, and rapidly 
corrode it. 

The cast-iron pan is set in 
brickwork in such a m.-nner that 
it Is protected from the direct 
action of the flames. The hot 
gases come into contact with the 
metal at the opening h, ar.d in 
order to prevent the cast-iron pan 
burning away locally at h, the 
whole cast-iron pan a is turned 
through an angle of 6o° after 
every second charge, by means 
of i’-on hand grips attached to 
the iron pan. The tendency to 
burn is fairly pronounced, be¬ 
cause towards the end of the 
operation solid crusts of calcium 
sulphate separate. Some 800- 
900 kg. of fluorspar is placed in 
the iron pan a, then some i,20(y 
i,3ookg.ofconcentrated sulphuric 
acid is run out of a lead-lined 
tank (using compressed air to ex¬ 
pel the acid) m into the iron pan a. 
The HF vapours escape up the 
leaden tubes s and /, any sulphui ic acid simultaneously carried over with the gas being 
condensed in,‘.he coil /, which is immersed in a tank of running cold water, and flows 
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back again througb the tube^ u intc? the pan a. i^The HF gas escapes and passes 
into the lead^ vessels which are filled with water and connected together 
%t the bottom.'jn ^^ sets of three by oieans of the Each set of three 

vessels is placed in a tanlj: filled with a running strean) of cold watefr, being^ 
immersed right* to t^e base df their ftecks. In the first two of each set of 
three the«tubes do not'dip below t6ie si^face of the‘<\ater, so that ^ht) absorption of 
gas in the ^ater takes? plape at tbe surface only. In tlje la^t vesspl, ho'>4ver, 
the entry tube*^ dip^ i^to the water, so that the gaS**has to^pass throtlgh the watp 
before issiung out into the vacuum apparatus. Ihis provision necessary in 
order to av^^id the necessity fdr rising a very high vachiun to work^ dii condensing 
arrangement. The acid gases escaping finally from the last vessel .v are led into 
absorption towers (each about 2 m. 'high by i m. diameter), of which the first 
fcontain.s milk of lime of caustic soda solution, and the second is filled with dry 
.slaked lime, placed f>n wooden gratings. The inside of each lower is well tarred 
to make it acid-resisting. n 

The gases then pass out, frfg; from all acid fume-., into the cylinder /, whence 
by means of the vacuum pump they are forced out int<i the air through a long tube 
f?. In gensral, to, every set of absorption vessels there are two hydrofluorie acid 
generating stills employed, the absorptioh being regulated by the valve at r. It 
takes about forty-ei^ht hours to work off a charge. 


BAt <»ee Kngineetmi; and Mining Journal, 1907. P- i.S. 5 ) <U-cril.Ls .in.Mhui is 

in use*111 various parts of the world. Sli.rllow easl-iron pans .ire prosuled aitl. lids, whicl, are 
hermetically sealed liy meahs of concentrated sul|iliurir .nid A 1 llie londensi-is, etc., wlrieli 
consis*of leaden vessels, stand totally immersed in water. Fhe cliart,'e is l.ooo k". of },'r niiul 

fluorsparlo i,ooo.i,2cek£. conieniraled sulpliuricaiid (66''Be.). . 

.Ml these melltod.s suffer from tlie defect iliut a crusi of calcium sulphaic sets „n the lioiP.m r,t 
thclecomirosuii; p.rn.s, causiuK ipeal difficulues. Sever.il olforts have heen made to oveusmte these 
defects. The pfoposal of L, Meyer (derman I’ateitt, I 42 . 9 ,ii. 1900) desert es mention. Iherelortis 
i,\cd in afurnace, and the decoinposini; pan consists of .111 iron Irolki, ruiimnp on wheels, «Inch r.iii 
te moved in or out ol the furnace .is desired. The fluorspar .ind snip lui.e acid .ire imsed .old oa 
sytupvmas.s in this tiolVv, which is Iheii 11111 into the rclon the < oor shut, and t lie .list l alKin 
earned out m tlie usual wifv. When the disUllation ,s linished, the d.s.r is opened, ai d the I 1. ley 
run out.wlille aiwther similar trolley, IreshI) charged, is run in Hsjain. So lh.it neilh. r Un r ■■"f '■-•d 
us lost litAween the separate .liarRcs. A similar apparatus foi makiiii; afeinn. is ilesirihed 111 Martin s 

“ Indu.strial Oieimstiv/’Vfi). I., German JVlcnt, I 54 i‘^ 77 - i < i i • . ,i 

SodiumAir potassium hisulpliatc (NallSO,) or (KllSthI m.iy he used uiste.id ..( sulphuric acid 
in decomposing Cahk (see German•I'ateiil, ii6,S48). 


Purification.— Technical liydrofiuoric.acid solution invariably contains hydro- 
fluorsilicic acid, H„Sil^, derived fr»m the silica, SiO.,, almost in*.'ariably present 
in the commercial' fluorspar, CaK,., used, it usually corftains, as well, some 
•H.,SO , HCl, SO.., As, Te, I’h, Ca, etc., derived from impurities in the materials 

used in the manufacture. c ,0 

K. F. Stahl (/«■/. angeiv. Chem., 1896, 9, 22S\Joiirn. Amcr. Chem. Soc., 18 , 
415) gives the composition of the commercial acid as follows 

IIP » . 3(j.(i.54.2 per cent. 

ll.,SiF, - - ■ - ^■7;J4.0* .. 

ILSOj - • O'h-4.0 

By repeated distillation an acid of constant composition and boiling point may 
be attained (at 75" min. and An” C. B.P. the acid csntains'HF = 43-4 per cent., 
jsg according to Deussen, 'Aeit. anorg. Chem, 1906, 49, 207), but the 
pure acid can only be obtained by special chemical treatment, as with dist>JlatJon 
ifte HjSiFj simply goes over with the acid. 

Gore (Phil Tram., 1869, 8731 >«”'• eV<™. .Vc., bll, 7 (ifh'll. 3 h 8 ) Wnl't^commercul liy 
diluting the technical acid until a contains less than At per rjeni. Ill- (with more " P 

not precipitate lead),W« i" "rcss of ITS (to precipitate the I'l., As etc.), a.Ids more than enou£ 
of to combine with all the lIlsiFc and II-.iSO, 

Ho^ 6 as K.2SiF8, decants the litytid, removes any 11 ..S prfr^t, by adding AgaCf or Agh or AgjO, 
and then distils Lm a leadelT retort,.leading ikc vapour through a plaijriim condenser into water 
contained in a platinum l^sin. 

6 
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The pure ucid must not come into cifctacl with l>b. * Thorpe and Hamhly (foum. Chem. Soc., 
■** 9 > SS- ><> 3 ) trsat KMnOj, then convert the acid int»KF.IIF by,addfn^KF, and then dry 
thit compotuid and detoni]sose it by heating in a {^atmuni raort:— * 

KF'.HF = KF + I IF. 

f * 

See also Mois^nn Chem. f6], 24 (J891), 224). The jfaie acid h now invariably 

pre^»ai-cd by healing the salt KK.HiC*'. * 11 - • 

Properties.— I'her acj^ieelis Sicid i.s a highly co'rroiaivj, dangerous liquid, 
contact pf the* vapour with the eyes and s^cin being highly dangerous. The acid, 
and some of “its salts (e.,?-., are principally, us'ed for etching glass, acting on 

the SiO.j of glass ji^' follows , 

4 irF 4 Sit). = ail/t I SiF,. 

The SiK, e.scapes a gas. It is acted on by water thus 
+ 311/> = Ib-SiOj I 2ILS1F,,. 

According to \V. AVintelcr (Zeit. ani^nt'. Ch(m\ 15, 33, 1902) the density of the 
aqueous acid at 20" C. is given by the following talile' 






— 

- r- 

Pei (.cm. IIF.' 

S}i. (ii. 

Kc. 

Per Cent, HF. 

Sp. yr. i 

° IJC-. 

. c 

1 

l.OOJ 

0.5 

2O 

* 1.092 

12.0 

2 

1.007 

1.0 

27 

1.095 

,'2.4 

3 

1.01 j 

1-5 

2S 

1 opt. 

12.7 

4 

1.014 

2.0 

29 

I. lOI 

13' 

5 

i.oiS 

2-5 

3 ^ 

1.104 

13 .4 

0 

1.02; 


31 

1. 106 

>3 7 

7 

1.(127 

3-5 

32 

1. 109 

14-1 

S 

1.030 

4.0 

33 

I.II 2 

14.4 

9 

'■035 

4 -.‘; 

34 

V ‘4 

14.7 

' 10 

1 03S 

5.0 

! 35 

1.117 ; 

15.0 

11^ 

I.O.^ 

5-5 

3 ^> i 

1.120 * 

■ 94 

12 

1.045 

6 0 

37 1 

I.I22 ; 

1.5.7 

'3 

1.049 

, 6-5 

. 5 ^ ! 

1-25 j 

, lO.O 

'4 

1.052 

7.0 

3 " . ( 

1.27 ! 

.6.3 

16 

1.055 

7.5 

40 1 

1.130 

'65 

1.059 

8.0 

41 

i.n 3 

I6.S 

17 

l.0()2 

s 4 , 

4 ^ 

1.13b 

17.2 

ii> F 

1.0()() 

s.s 

# 4 > 

.1.13b 

17 - 5 . 

19 


9-3 

44 

1.141 

17.8 

20 

1.072 

9-7 

45 

1.143 : 

18.1 

21 

1.070 

10.1 

4O 

1.14b 1 

18.4 

22 

1.07*) 

10.5 

<»■ 

1.149 ' 

18.7 

“3 

1.0S2 

10.9 

4 b 

1.152 

19.0 

( . 24 fc 

1.086 

11-3 ■ 

I 49 1 

1. 1 54 

' 9-3 

25 ' 

1.980 


1 5 “ 1 

1 . 1,57 

19-.5 


Ecke'i yCIiftn. Zeit., jSqS, 22 , 225) gives another table which differs in some 
respects from that given. The denliity of aqueous HK may be determined by using 
an ebonite pyknomelii;i with ends which screw off pnd on (see Zellner, Monath., 
18, 749, 1897). \\’ith acids which are not very .strong, a simple metal floating 
hydrometer may be used, the metallic, surface being painted over with a hard pitch. 

‘ IS 

Storage and Transport. —Large quantities of the aqueous acid may be 
transported i,’i vestcls of lead (secStahl, Zeit. angew. C/tem., 1896, 9, 225, and also 
Eckelt, C/iem. Zeit., 1892, 16, 17). It* may also be transported ira cast-iron vessels, 
,or glass vessels coat^'d internally with guttapercli^, bakelite, etc. Small quantities 
are usually kdpt 'm indiarub^e?., ebonite, or guttaj^rcha bottles (see Bendikt, 
Chem. Zett., 1891, <lg, 881). ElasfcS made of purtdfirffwax or eeresin are also 
suitable. *' 




HYDIiPFLUORIC AJFID 83 

• • • * • 

UseS'—Formerly HF was used almost sotely for glass etchlVig. The glass is 
covered with^ laytir of wax, the portions to be etched being uncovered by removing 
• the wax with'. a*shf>rp instrujptnt. The acid, when jipiJied ’(either as vapour by 
. gently warming, or else it\an a(iucous solution), leaves a sharp maak. Ammonium 
fluoride in ffF soluljon is also'used for*dull etthing glass. • * * 

Moiij recently, however, the importance of HF\as greatly inoac^ed (jwing^o its 
use in otljer direcliorts; t-g., .considefcble (jujntities are gsed for purjfymg ^ificial 
graphite frofn Sip,»etc. (see Zellner, “Die Kifrtstficht» KoTilem’*Berlin, 1903). 
In dyeing double fluorides of antimeny arc widely used as a sunstitut^ for tartar 
emetic. the sjurit and'bi«;wing industry lll',ts used exteysirt-ly on account 
of its antiseptic effect, yeast bwing not nearly so sensitive fo^ the acid as other* 
organisms, and so the fermentation*p’roceeds more uniformly when HF is used 
(see Martin’s “Industrial Chemistry,” \’ol. I., Organic; also Fffront, Bull. Sue. 
CIteni., 1890, [3], 4! 337 ). Stahl (Zeit. angetu. Cliem , 1896,^, 225) recommends 
the^se ol,a 1-2 ])er cent. HF solution to open oiil peiroleum boras, and also for 
cleaning iron castings from saijtl (SiO^), and also loi gleaning coiiper articles 

Dilute aqueous IJF has been used for removing the weighting matters from 
*silk (see Kelt, f., Fnrh-m i/iiii Te.xilchcmie, 1903, 2 , 160, 210, 2fii; Ciiiehm and 
Diir.steler, Farhera. Z<it., 190(1^ 17, 217*; Ristcnpart, 18 (1907), 273) 



Hydrofluorsilicic Acid, H,.SiF„. —This acid is obtained by leading silica 
tetralluoride, SiF^ (which is evolved "liy allowing silica to^act on HF:— 
SicJ, + 4HF = SiF, +all./)), into w.atcr:- 3S F,+ 4H ,() == H^iO^ t-2 1 f.SiF,.. Cela- 
tinous silicic acid is simultaneously produced. H.,.SiF„ is thus produced when¬ 
ever the gases evolved by treating material containing fluorides, with siliceou^ 
materials and concentrated sulphuric acid ,iie led into water. Thus large quantities 
of H.,SiF|i and its salts arc obtained as,by-products in the surterphosphate 
industry (sec Martin’s “ Industrial (.Iheniistiy,” Vitl. H., undci; Manures)* r?atural 
and artificial phosphates, Slten containing considerable amounts of fluorides apd 
siliceous matter, arc in this industry treated w ith .concentrated suliihuric acid in 
order to produce the |)hosi)hate in a soluble form, suitable for manuffl'ij; jiurposes. 
The gases thus evolved in the fiirnaies (which contain SiF,, free HF, H._, 0 , ( 10 .^, 
etc.) are sucked out and ar« led into large condensing “Wens” or chambers (of 
100 cub. 111. capacity), best built of [litchpine and provided with a number of 
dividing walls, .against which the gases impinge. The steam and SiF, here ^:on- 
rtiense and react according to the eipiations 

3 .Silq -t- 4 ll 3 (-> ■- all.jSil't i JIjSiO,; SiV, 1 jll./J + ll.jSiO,.; ^IK c^SiFq - IbSiK^. 

The gases not'.absorbed in the first cl*amber jiass out into another similar 
absorption chamber, in which the gases come jiito contaclrtjj'ith^a spray of cold 
water {steam does not so well with SjF,), artd the gases not absorbed here 

escape by means of a tall chiftirtey imo fljp air. 
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A more efficient system of •absorbing the SiF^ containkjg gas is mat 
deviled by Paul Kestner, Diisseldorf (see Figs. 44, 4 wand 46). .The gases from the 
pan whereih the phosphoteds treated with^HaSO^ gass by meaife W the pipe a* 
pito tjie space'B. ’This contains a rapidly rotating .“centrifugaj atomiser” c,. 
which fills''the whole chamber with' a fine* spray or' mist of vgater particles. This 
coole«and. partfal>y absorbs thfT entering gales, fffiich then*pass »on through the 
“turbi^atomisjr” e.. Tbit consists ot a fan-wheel' e, which is Built up of spiall blades 



Kio. 45.—Suj'tTphosphate Den. 


after the manner of a turbine. In the centre of this fan is a rotating “ atomjser ” 
which ejects a fine spray of water through the rapidly rotating blade? of the 
surrounding fan wheel n, and thus causes the gas coming from the chamber b 
to be so thoroughly churned up and mixed with water that complete absorption 
of the acid components follow, the escajiing gases passing away quite free from acid 
fumes through a chamber f provided with baffles, and so out to the chimney.. The 



water, falling as drops, flows away from f in the form of a solution of fluorsilicic 
acid, the liquors containing gelatiqous silicic acid in suspension. The liquid 
IS passed through a filter press and then stirred up with NaCI solution, when there 
separates out a white gelatinous precipitate of sodiujpi silicofluoride, NajSiFj, 
which is produced thus;— 

, aNaCliH- H^SiF, = NaoSiF^rtl- 2IICI. 
c ^ r 

This NajSjFe, w-lje^ washed over n-ith.cold H20,‘dri(id, and passed through a 
sieve, containc Na2SiF\=98.6 per cent, NaCMo^ya, 8102 = 0.54, H20 = o.i4. 
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It is sold to enamelling workj, and finds some application in the manufacture of 
milk” glass* .• *. 

H^SiFs is alst^obtained as a,by-produci when earthenware vessels are treat<W with 
to increase their*porosity* high tensKJn steam bding aftewards hlowm through them (st^p Frior, Aetr. 
ang^w. 1903* * 95 hflr whcngrapt^te is Seated with Hl*^o free it from Si^all See also German 

Patent, 105,734 (1898). Xje German Patent, 416,848, describe a process for manlfactultng mtfacid. 

PropertJes.-^HjSiFe is a strong acid; it atta<?l»s flte shin. *Whefi concentrated 
it is hygr^copic, and attracts moistute from the air until a certain definite con¬ 
centration's attained. The’ atid, when boiled orjj*ovaporated, ^ol&tilises without 
a residue. 

Uses. —The acid n»w finds considerable application as a disinfectant, for deliming 
skins in tanning (Martin’s “ Industrial Chemistry,” Vol. 1 .), J.igl in the electrolytic 
precipitation of lead. Its sodium salt is used (see above) in enamelling and in the 
manufacture of “ nylk ” gktss. Fluorsilicates (fluatesj are now used as a hardening 
agent of certain cements used in building (Martin’s “ ^dustrial Chemistry, Vol. II., 
Artificial^tone ‘ 
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'•Peroxides and Peracids 
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CHAPTER “K 

p£ROXIDE8 and peracids 

By G. W. Clough, D.Sc. 

J.— PEROXIDES 

4 k FEKOXii^K^is an oxide (fbnt^ning more oxygen, combined with a cciiain weighi of an element, 
than is contained in*tha highest basic or acid^ oxide of the element. The true peroxides, or 
super9xides as they^are freqiicntly^alled, difier from the “faUe” peroxides oi polyoxides in 
that they yield hydrogen peroxide as a product on treatment wiili excess of walci or a dilute acid. 
Siwe hydiogen perojyde possesses acid piopertic> in aqueous solution, llic supcioxides may be 
regar^fras salts of hydrogen peroxide. In conse«|uence of the case with which tlie\ aie converted 
into tlie parent substanct^ they fmil wide application oxidising, bleaching, and disinfecting 
agents. 

, Sodium Peroxide, Na^o^, is manufactured l)y passing a current of air, 
carefully freed from moisture and carbon dioxide, over slices of .sodium resting 
otf aluminium trays which pass through a tubular iron vessel. The tomiierature 
maintained at about 300". The oxidation is effected slowly by applying the 
princifsle of counter currents; the fresh sodium comes into contact with air 
poorest in oxygen, «vhcreas the fresh air first jrasses over the almost completely 
oxidised material (German Patents, 67,094 and 95,063). The hydrate, Na., 0 .,. 8 U.j 0 , 
s pr^ared bj mixing sodium peroxide with six to eight times its Ifeight of 
powdered ice or snow. 

Properties. —Commercial sodium peroxide is a pale yellow powder containing 
92-98 per cent. Na.jO.j. It is exceedingly soluble in water, which at the ordinary 
temperature decomposes it, yielding sodium hydroxide and owgcn. Although 
sodium peroxide only evolves oxygen at , high temperature, it is a vigorous 
, oxidising agent, usually causing organic materials to burst into fla#hc. An aqueous 
solution (J per cent.) is employed for bleaching textile fabrics, hut in the case of 
animal fibres (silk and wool) the soda lormcd must be neutrali.sed with dilute 
sulphuric acid. Sodium peroxide is a constituent of some washing povrfers. 
“Oxone” is compressed sodium peroxide, and “ Oxylith, ’’.which evolvas oXygen 
on treatment with water, is% compressed mixtuic of sodium peroxide and hleachipg 
powder. 

The amount of active owgen in sodium peroxide hiay he ascertained iiy heating i g. of the 
sample with 15 c.c. water ami 2 dotps of concentrated coixilt chloiiiic ^olution, and measuring the 
oxygen evolved (Archbull, 20, 3). 

Barium Peroxide, Ba 0 .j, is manufactured by passing air, freed from carjron 
dioxide and moisture, over barium monoxide? BaO, heated uniformly in retorts at 
5oo°-6oo°. The success of the operation depends on the monoxide being in a 
porous condition. Severttl methods are in use far the preparatisn of 4hc monoxide 
in a suitable physical state for conversior# into peroxide. It may he produced 
(i) by heating barium nitrate (CJ^rman Patent, 128,500); (2)J)y heating at a high 
temperature an intimate tnjxture of witherite Snd carbon free •from hydrogen 
(German Patent, 149,805); (j),by heating barium carbonate wr hafiuni hydroxide 
with barium carbide hi the absence air^German Patents, 135,330’and 142,051); 
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or (4) by heating in an electric fu^'nace barium" sulphate (4 mol%) with carbon 
(S ato.ms) in^the form.of coke (United Bariuiy Co., o/’Niagara Falls). • 

In order lo obtain pure barium pcroxid| from the commercial f)V>duct, the lat^r is rubbed into 
a^asle with vi^tcr and is stirred into wcll-cdoled dilfitc hydrochloric acid. *To the tesulting turbid 
liquid l>aryla is atfted until the precipitation silifa an|? metallic ojjines i$ comple^. After 
hltratift^, cjAicss ♦* liaryta is addcif, when pure b^’drated liariuni |:^roxide, BaCo.^H^O, is 
precipit^ed, and*.jiibse<m“nlly fliergd, >|"ishAl, and dried.* • « • - 

* • • 

« 

Properties- —Technic;il li^irium peroxiife is a grpy mass, whereas^the pure 
compound is a white^powdcr. #At 700“ it evolves fxxygen yielding thf fnonoxide. 
*Barium peroxide is «sed for the manufacture^of hydrogen peroxide, as a bleaching 
agent, and mixed with paraformaldehyde as a disinfectant^ It is also employed 
for removing organic impurities from sulphuric acid, and ^as an addition^to 
lithophone for prevAitmg that pigment from becoming grey in sunlight (German 
Patent, 163,4^5). 

• 

Calcium Peroxide, (kiO.j, cannot be prepared by heating (luickhme in air.. 
Hydrated calcium pero.xide is i>recipitated ip the form of fnie naedles when aqueous 
hydrogen pero.xide is added lo lime water. It is ai.so prcparcdjiy adding a com¬ 
pressed mixture of sodium peroxide and slaked lime in molecular proportions to 
iced water ((Jerinan Patents, 128,617 ‘tid '32,706). According to AnvirjtSn 
Patent, 847,670, aqueous calcium chloride may ho mixed with hydrogen peroxide, 
and the calcium jieroxide preci[)itated by tlie addition of concentrated ammonia. 

Properties. —Hydrates c.mtaining 8, 4, and 2 molecules of water are said to' 
exist. The usual jiroduct contains 4H;,0, and is a yellow crystalline powdefr, 
sp.aringly soluble in water, yielding an alkaline solution. Ualcium peroxide is used^ 
as a bleaching agent, and is a component of some tooth powders. It mjy he 
employed with sulphuric acid for bleaching cotton seed oil,, and for removing 
rancidity from oil. 

Magnesium Peroxide, MgO,^, may be obtained by decomposiAg magnesium 
sulphate with sodium peroxide. A very antisejitic and stable product is produced 
by adding water to a mixture of sodium peroxide anB magnesium hydroxide (or 
basic carbonate) (Herman Patent, 107,231). If sodium peroxide and alcohol are 
successively addcrl to aqueous magnesium chloride at 20", a powder containing 
27 per cent. .Mgf^ is precqiitated, where.as if tlA- precipitatio'n occurs at a very low 
temperature (in a free/.iftg mixture of sal ummoni.ac and ice) a product containing 
nearly 40 per ^cent. MgO., is obtained (Kriglish Patent, 2,743, ") 02 ). Merck 
prepares magnesiumperhydrol " by treating anhydrous magnesium oxide with 
chenncally pure hydrogen peroxide; thp jiroduct contains 15-25 per rent. MgO^ 
(Gemtan J’atenf, 171,^72). 

* Properties. —Magneswmi I^eroxule is a while amor|)lious powder which is only 
sparingly sflltible in water. It finds application as a bleaching agent and as an 
antiseptic (for wounds and skin diseases in the form of ointment). 

Zinc Peroxide, ZnO.„ i.’produced when aqueous solutions of xinc salts are 
decomposed with sodium peroxide, the product having a variable composition 
(Zn( 5 j -t-*ZnO). Merck treats anhydr«us zinc oxide with hydrogen peroxide; thee 
•product, “Zinc perhydrol,” contains about 50 per cent. ZnOo (German Patent, 
'7b372). Fqr otl^r methods of preparation see German Patents, 141,821 and 
‘ J5GI29- 

« 

Properties^— Zinc peroxidf a white or very jjale yellow powder. It is 
used as an antisepti« ^(both in the form of nowdet and* ointment), and is also 
serviceable for Srresting bleeding. 
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nyarogen. ircroziae, HjO^, is usually prepared from the cheaper peroxide, 
barium peroxid^.^^The barium'peroxid^ finely powdered, is added gradually to a 
suitable dilute aSd, hydrdbnloric acid. In this case the barium ift solution 
is subsequently.precipitated with, sodium ,sulphatf, so that after filtration a'solption , 
containing hydrogen peroxide and sodii^* chlorifie i^obtained. If'ddute«ulphuric 
acid is ^ployetf, instead of hydtochmric acid, after filtering cfff Jthe insoluble 
barium sulphate, at> aqueouS Vohrtiort of hydrogen ijeroeidc*is ol^ainei contaj^ing, 
however, sbme impiMtibs derived from the barium ^eroxieJe. Pho^piioric acid is 
also frequeiftly used tor decomposing the barium peroxide. Well ’"ashed carbon 
dioxide maf ^e passed througlh cooled water in viJiicli finely jViwflcred barium 
peroxide is suspended (Merck, (German, Patent, 179,771) ; the .insoluble barium 
carbonate is separated bj filtration. 

Ip order to obtqjn a pure aqueous solution of hydrogen peroxide, the pure 
hydrated barium peroxide is prc|)ared as previously described' (?ee Barium Per- 
OxidC). The moist product is added gradually with constant stirribg to dilute 
sulphuric acid (1 : 5)tnaintained*below 10° by the addition of ice. When the acid 
i% neutralised, the mixhire is stirred for some hours, allowed to settle and filtered. 
The usual concentfation of hydrogen perqxidc is 3 per cent, by weight. 

A concentrated soluliun of liydroffen )X“r(i\i(lc mav lie |)U))au‘d hv .ifUlini; sodunn jx ioxide to 
welLc^olcd dilute sulpl^unc acid (20 per cent. c.dcuLuefl amount). ()n Maiuiin”. alxuit two lliiids 
of ine^sofliinn sidpliale crystallises and is separated In- filiialion. 'llu lillrale i> disldlctl mdei 
diminished jiressure (Merc^). Merck's “perhydrol" the s(,-calleil too pei tent. h> loqen 
peroxide—contains30 per cent. ILOo. i>nc volume ol tlie solution )icMim; ioonoIuhhs oi oxvgc, If 
a coneenlimted solution of hydrogen peroxide he distilleil under diminished piessine, w.uei tiisiils mri 
first, and sulisequentl)^ nearly pure ludrogen perovuU- (9!) pei cent.) disi iK t)\er; hoihng point, 
84-8576^ !**•>*• or 69*726 min. Slaedel found that 011 cooling the (K> Jici cent, proiliui hy elliti 
aiuWiquid carbon dioxide (-80"}, ciystallisalioii oecuried, .iiul when a nut !eii> of this pjotlucl was 
introduced into the 96 ])er cent, liquid, jiure Iranspurent ciyslals of lodrogcn peifiside, M.!'. 2''. 

#|)arated. 

Ilydiogen peroxide may also he manufactured by the hydiolysis of permono siilplmiic acul in 
tlie presence of sulphur*^ acid. The liydrogen peroxide ma\ he obtained by ilisiillalion under 
reduced pressure or liy cxlractum with .1 suitable solvent. 


Properties. - I’ure hydrogen peroxide i.s iinsUiblc, sometimes de('omposing 
with explosive violence. The dilute a(iueous solution, however, is fairl)’ stable, 
but the decomposition (into water and oxygen) is particularly susceptible to catalytic 
influence (colloidal or finely divided metals, especially siher and platinum, c.irbon. 


iodine, and alkalies). ,The solution, however, m.ay be |)rc.servedJiy the addition 
of a little acid (phosiihoric, tannic,lind barl mine acids have beeirrecommended). 
.Hydrogen peroxide is an oxidising agent. It is (>in|)loyi:d for resl('’'ing pictures. 


the black lead sulpliidfc, formed by the action of sul])huri-tted hydrogen on white 
lead, being oxidised to white lead sulphate It liberates iodine from potassium 
iodide in the presence of ferrous sulplitiic - a very delicate test for liydrpgen 
peroxide, and distinguishing it from other oxidising agents., Whtfi a stjlutiffl of 
hydrogen peroxide is addcd*to a colourless soliitiofi o( titanium dioxide in sulphuric 
acid an orange or yellow colour is produced. One yart M H.X)., in ten million can 
be thus detected. Hydrogen peroxide is widely used as a bleaching rft;cnt, and as 
the only products of its decomposition arc water and oxygen, it is serviceable for 


bleaching materials that are»destroyed by acids, alkalies, chlorine, etc. Ostrich 
feathers, bone, ivory, wood, silk, cotton, teeth, and hair are all lileached by hydrogen 


peroxide, aqueous solutions of whit h constitute “auricome,” “golden hair water,” 
%tc. For bleaching wool, which is rendered a^ure white and does not .subsdliuently 


become yellow, the wool, after soaking in a dilute solution of sodium silicate, is* 


placed in a peroxide batH containing sodium stlicate. For veuj' deljpate materials 
I vol. of hydrogen peroxide (lo vols.) is diluted with to vols. of water. Some 


dentifrices consi.st of hydrogen peroxide mixed with^yjtsum a^id starch. 

Hydrogen peroxide is a,con5tituent of “ SaAitas,’’ and i? extensively used in 
medicine as an antiseptic, bfi|}g espectajly* valuable in th% trealrnent of alveolar 
abscesses and scrofulpus and syphili^ soi^s. 
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The concentration of hydrogen peroxide solutions may be ascertained tf) by titration with' 
standard i^tassiiim permanganate ^—=3,16 g. ^Mn04 ^r litre^ in'tly' j&esence of dilute 

^sulphuyc acid - KAIn04=.ooi/^ y. HgOgV (2) by treatment with excess of potaisiunt 

^ \ 10 f. ' / ■• * 

iodide solution subsequent titration of the iibcral^l io<Vnc with standaS'd thiosulphate 

pet cent.^olution of hydro^n peroxide on ciecomposition yields approximately ten times 
its owit^volume oxyg^'n (“ it) vtij. pji^pxicre”). - . ^ 


ff.— peraCids and their salts 

C [ 

LITERATURE 

^ T. St.A'IF.R Trice. —“ rcr-Acids and their Salts.” 1912. 

Pek.vcid.s and the salts derived from them contain,relatively ii.ore oxygen than the 
acids and salts bearing the same names without the prefix. ..The peracids, like the 
peroxides, may l)e divided into two classes:—(i) The'/rvre peracids,'which may 
either be formed by the action of hydrogen peroxide on the lower acifls or 
produce hydrogen peroxide as a product when decomposed wifti dilute sulphuric 
acid; and (2) the pseudo or false peracids {e.g., perchloric aor'd) which aaeiciot 
related to hydrogen peroxide in this manner. The true peracids and their*^ salts 
only are dealt with in this section. •' 

'I’wo persulphuric acids are known; iiermonosulphuric acid (Caro’s acid),*H.IS05, 
and perdisulphuric acid (usually called persulphuric acid), HACfj. ' 

Persulphuric Acid, H_,SDj, is produced when sulphuric acid (D. 1.35-1.5^13 
electrolysed at low temperatures (5“-io”) with a high current density at the anode, 
(Ell)s and .Schonherr, Zeit. Etektrochem., l, 417 and 468; 2, 245). The ofjrrent 
density at the anode may be about 100 amperes per square,*decimetre. In the 
presence of sulphuric acid, persulphuric acid gradually undergoes hydrolysis to 
Caro’s ac4,I, wliich in turn is further liydrolysed to hydrogen jieroxide and sul^liuric 
acid. * 

(1) }I.SA +• H„0 ITSO,, + iJaSO,. 

(2) H„SO„ -s II.,() ILSO, I 

Anh) drous persi^huric acid i.s prepared by adding anliydrqus liydrogen peroxide 
(i mol.) to chlorosulphonir acid (2 mols.). * * 

Properties.—The anhydrous acid is a crystalline solid melting at 65°. The 
‘aqueous solutifin lias strong oxidising properties. 

^rmonos^llphuric Acid (Caro’s^acid), II.^SO-, may be prepared by treating 
potassiunf persulpliate* with concentrated sulphuric aci(f. or by the action of con¬ 
centrated sulpli uric acid on concentrated hydrogen peroxide (Baeyer and Villijer, 
Ber., 1900, 13, 124, S58, and I'Jfiq). The pure anhydrous acid is prepared by the 
gradual addition of the calculated amount of 100 per cent, hydrogen peroxide to 
well-cooled chlorosul])h^nic acid, HoOo -T ClSOjH = H,,SO|., HCl. 

Properties.— The anhydrous acid is a crystalline solid melting at 45’. The 
aquqous solution is fairly stable, and possesses an odour resembling that of 
bleaching powder. In the presencS of sulphuric acid, Caro’s acid undergoes* 
•hydrolysis to hydrogen peroxide. This reaction is used for the manufacture 
j.of hydrogen perorfde, e.g., by distilling a mixture of potassium persulphate with 
sulphuric acid (D. 1.4) under diminished pressure (German Patents, 199,958, 
*17.538. 217.539; English Patehts, 24,507 (1905),*3,660 (1910)). 

The be.st known ’salts of peisiflphunc acid are the.ammonium and potassium 
salts, which werf first •fwepared by Marshall* in 1891, Chem. Sae., 1891, 59, 

77r; Journ. Soc. Chem. Ind., 1897, 16, 396). 
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Ammonium Persulphate, (NH4)2S208, is’prepared by the electrolysis of a 
saturated solutjoii oCamtnoniunt sulphate at a low temperature. To avoid cathodic 
reduction a diapMagm is usedi^aturatetf ammonium sulphate solution is’ placed in 
the anodic conjpartment, apd sulphuric acid (ii: i) in tho cathodic? compartment.^ 
The temperature of the anodic "solution Is maiittained at about 15° by a,stream of 
water ruryiing tbrou^ coils. Tlte aifcde consists’v>f smooth pUt'pum ,wire?, the 
anodic current dcb^ity"bein^50o-i,9oo*ampere'i pw stmart dccijnctre., Crys^ls of 
ammonium persulphate separate at the anode, and.'t-esh a:nmoniur9 Sulphate must 
be supplied The y^eld is increased by the presence of excess nf sulphijric acid, 
and also by the addition ol* hydrofluoric acid. TBe current eljcisncy is about 
70 pq; cent.* (Elbs, fourn. pr.-J^hem., 1893, 48, *85; Mufiej- and Schellhaas, 
Zeit. EUctrochem., 1907, 13, 257). 'Iti^ electrolysis may be ciarried out without a 
diaphragm if.the electrMyte is kept acid, and a high cathodic current density is 
emjfloyed (German Patents, 155,805, 170,311, 173,977). • ' 

Piotassium Persulphate, K.2S2O8, may be preplired in a similar manner, or 
by the double decoAposition o# ammonium persulphate with potassium carbonate. 

• Properties. —.Anthnogium persulphate forms monoclinic cry.stals and potassium 
persulphate, either sSiall prisms or tabulrw crystals. The latter salt is only sparingly 
soluble in water (*76 in too dt o“). The dry persulphates are quite stable, but 
their aqueous solutions gradually decompose thus ;— 

**, • * KoSjO, 1 ll.jO = 2KIISO, + O. 

The persulphates are Oxidising agents, liberating iodine from potassium iodide, 
oxidfting ferrous salts to the ferric condition, etc. Silver salts exercise a marked 
catalytic effect on’ the oxidising properties of persulphates. Alkaline as well as 
aci(J solutions of persulphates have bleaching properties. Ammonium persulphate 
is used technically for introducing the hydroxyl group directly into the benzene 
^fucleus, e./’., 0 nitrophenol is oxidised in alkaline solution to nitrohydroiiuinone. 
The ahimonium salt is also used as a density reducer for negatives; the potassium 
salt, under the name'’’‘anthion,” is used as a hypo-eliminator in photography, but 
its usi; appears to be open to objections. Many of the alkaloids give colour reaction 
with persulphates, and some of them (r..^., strychnine) are precipitated. / 

The esamation of persulphates is carried out liy heating the solution with ferrou.s sulphate at 
6 o“-8o", and titrating the excess o> ferrous iron hy means of standard pfttassmm permanganate. 

Perboric Acid has not been prepared in the free .state, but sodium perborate, 
NaB03.4H20, is a compound of consideralyle technical importance, and its prejiara- 
tion'is the subject of'many patenis. Wlic a 3 per cent, solunbn of hydrogen 
peroxide (120 part-s) is added to a saturated solution of boraTt (20 parts) containing 
■ sodium hydroxide (4 parts), the resulting solution slowly deposits sodium per¬ 
borate in a very jiure but rather unstalilc form (Tanatar, Zeit. p/iysikal. Chem., 
1898, 26, 132 ; and 1899, 29, 162). A coarsely crystalline and very stable product 
is obtained by dissolving borax (76.5 parts)*and sodium hydroxide ^21-6 jiartd^ in 
T40 parts of boiling waterg and jxiuring the reikilting solution, cooled to about 
6o“, into a 3 per cent, solution of hydrogen peroxide (950 parts). After tlfle 
solution has been well stirred, it is cooled to below 10* and allowed to crystallise 
slowly by standing undisturbed for some hofirs. The crystals are drained and 
washed with ice-cold water. A further crop may be obtairied by stirring powdered 
salt into the mother liquor. The yield is 88 per cenf. (Girsewald, German Patent, 
1907, 204,279). 

• A sodium perborate called perborax, Na.jJl^Og. i oHjO, is prepared by gwdifally 
adding an intimate mixture of boric acid (248 g.) and sodium peroxide (yS-g.) to 
well cooled water (2 1 .). . The separated crystalline product, a/ter drying in air, 
contains 4.2 per cent, of active oxygen. V cannot be recrystallised from water, 
the first fraction which separates containing more, active oxygen, and the later 
fraction less active oxygen than the original salt. 

If hydrochloric acid, equi'ftlent m amount lodralf »hc sodium in perhcjan, is aiSded to an aqueous 
solution of the sail, ordinary sodiutr? perborate separates. 
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Properties. —Sodium perboi^te contains a high proportion of active oxygen 
(10.4 per cent.). The aqueous solution is distinctly’alkaline, and coBtains hydrogen 
peroxide. ° The salt is only sparingly soluble in wktur, but if* ft added to dilute 
sulphuric acid', a highly concentrf.ted solution of hydrogen pero)i,jde is obtained. 
The aque,)us jolution exhibits pxidfsing properties, liberating,iodine from [wtassium 
iodide, oxidisT’i^' ferrous to ferric salts, etc. Sddium perbSfate is employed as a 
wasfiifig and'bleaching ^lenr. 4® a,'washing agrjnt it pojsesles aJI the advantages of 
sodium peroxide, withoit manf of the disadvantages of that cuWipound. -The older 
“ dry ” soaps consisted of soda, borax, and soap, but most of the modlrn washing 
powders contAin .sodium perborate or “perborin.” "^Perborin M ” is<a mixture'of 
soap, soda, and sodium perborate ; “ persil ’’ conrists of soap, soda, sbdiura silicate, 
and sodium perborate; and “ clarax ” of sodium phosphate, borax, and sodium 
perborate. 

Ammonium Perborate, NH,BO„.}H./), is obtained by adding ammonia to 
a solution of boric acid in aqueous hydrogen peroxide (2.5 per cent.). Barium, 
calcium, strontium, and copper perborates have been prepared, but they are 
unstable. The amount of active oxygen in a ])erborat“ is ascertained by titraticn 
with standard potassium permanganate in the presence of 'dilute sulphuric acid. 
Another method consists in treating 0.1 g. of the samjile with .vn acidified solution 
of ferrous ammonium sulph.'ite, tlie excess of which is subscutiently titrated with 
titanous chloride (foi/rtt. .Sue. Dvers, 1910, 26, 81). ' .•<• 

Percarbonic Acid has not been iirejiared, hut the potiissium salt was prepared 
by Constam and Hansen in 1S97. ► ^ 

Potassium Percarbonate, K.,(,\ 0 ,.,, is prepared by the electrolysis of a 
saturated solution of potassium carbonate at 10" to i6“. ^Vhen the curtent 
density is 30-60 amjieres jier square decimeter, aqueous potassium carbonate Of 
den.sity T.56 on electrolysis at - 10” gives a yield of percarbonate equal t<j 85-95 
per cent. (Zeit. Rlektrochem., 1896-7, 3, 137). , 

Pronerties. —Potassium iicrcarl'ionatc is a [lale blue hygroscopic [lowder, 
which decomiioses readily on warming 

- Kt'O; f ('(c f yi. 

It dis.solves in ice-cold water with [iractically no decomposition. Potassium 
percarbonate is an oxidising agent, qxidising lead sulphiiie to lead sulphate, 
decolorises indigo, and bleaches cotton, wool,iand silk. It is used as a bleaehing 
agent and in pliotogrffphy under the name “Antihypo." By adding alcohol to a 
solution of sodium carbonate in 3 per cent, hydrogen peroxide, Taiiatar obtained 
a product having a composition corresponding with the formula Na.,CO|.iAH„ 0 . 
This product, however, in many respects differs from true per-salts, and consequently 
son?^ djemisti’ believe it to be sodium carbonate with hydrogen peroxide of 
crystallisation, Na.,CO...H./)..|H^). 

Sodiu^ Percarbonate, . Na,,(.',, 0 |„ is prepared by adding sodium peroxide 
slowly to ice-cold absolute alcohol^ Dry carbon dioxide is then passed into the 
mixture at o°-5° foi some hours. The crystalline mass is separated and washed with 
alcohol and ether. '' _ * 

The prejiaration of a sodium percarbonate, NajC04.iH„0, from hydrated 
soct/uiq peroxide and carbon dioxide, is de.scribed by Wolffenstein and Peltner 
{Ber., 1908, 41, 280 ; see also GermSn Patents, 145,746 and 188,569). * 

This product is used as a disinfectant and for the preparation of hydrogen 
peroxide. » * 

Percarbonates arc estimated by tr^*atin^ a* weighed quantity of tlie sample with dilute sulphuric 
acid, and tilraling^tln.' l^\flrogcn peroxide formed with standard potassium permanganate. 

Salts of sei'eral py^icr peracicls have been prepafed.^but at present have no 
technical inipoTtance. ■ 



